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In Figure 4 are presented data on the cfTcct of 
pentobarbital sodium on pH, CO..., and sodium of 
the serum of a dog that received a smaller dose of 
methyl salicylate. This animal showed only mild 
intoxication, with a respiratory rate of 66 per 
minute, and there were moderate alterations in 
the electrolyte structure of the blood. Ten min- 
utes after the injection of pentobarbital sodium, 
the CO„ tension had risen to 37 mm. Hg witli cor- 
responding changes of pH and COj content. 
Forty-five minutes later, the values approached 
normal even closer. During the following hours 
of observation the respiratory depressant effect of 
pentobarbital sodium proved to be transient, and 
the respirations again increased in magnitude. 
Concomitantly, the CO; tension fell again, and the 
pH rose somewhat. Twenty-four hours later, the 
animal appeared to have recovered from all ill 
effects and presented normal values for all con- 
stituents of the plasma (not shown). The dog 
appeared to be narcotized, or perhaps comatose, 
for 12 hours after the injection of the pentobarbital 
sodium. This is noteworthy since the usual dura- 
tion of the narcosis produced by such doses of 
pentobarbital sodium rarely exceeds 4 hours. 
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Fig. 4. The Effect of Pentobarbital Sodium 

Dog 645, weighing 18 kgm., received 7 ml. of methyl 
salicylate on the day preceding the injection of 29 mgm. 
per kgm, of pentobarbital sodium (nembutal). 
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Fig. S. The Effect of Repeated Injections of 
Pentobarbital Sodium 

Dog 645, weighing 19 kgm., received 7 ml. of methyl 
salicylate on the day preceding the injections of pento- 
barbital sodium at intervals indicated. 

« 

In Figure 5 are shown data of an experiment 
designed to keep tlie respirations and the CO; 
tension of a dog with salicylism as nearly normal 
as possible by repeated injections of pentobarbital 
sodium. Dog 645 received 7 ml. of methyl salicy- 
late, an amount usually producing only moderate 
intoxication. On the next day, a blood sample 
showed moderately reduced tension and content of 
CO;. At that time the respirations were fairly 
deep at a rate of about 40 per minute, and tlie 
hyperpnea appeared to be increasing. After tlie 
injection of the hypnotic drug, the respirations 
immediately slowed to 23 per minute. The blood 
sample drawn 30 minutes afterwards showed a 
return to normal values for pH and CO;. A short 
time later the respirations increased again, and 
2 ml. of pentobarbital sodium were given, resulting 
in a diminution of the hyperpnea. Samples II /2 
and 3 hours after the first injection indicated that 
a normal CO; tension was being maintained. Af- 
ter the fourth hour, the respirations of the dog in- 
creased again in frequency, but became much shal- 
lower. More pentobarbital sodium was given 
without any noticeable effect on the respirations 
which remained at a rate, of about 60 per minute. 
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Bloods drawn at that time showed slowly-rising' 
CO 2 tension. The animal became increasingly 
comatose and died after 7^2 hours. 

In Figure 6 are presented 2 experiments on the 
antagonistic effects of pentobarbital sodium and ol 
sodium salicylate on dogs 839 and 841. The 
respiratory rate of both animals fell immediately 
after the injection of the hypnotic drug and the 
blood samples drawn 5 minutes later showed slight 
increases in the CO 2 tension. Then, the animals 
received 0.3 gram per kgm. of body weight of so- 
dium salicylate slowly by vein. Half an hour 
later, the respiratory rate of dog 839 had in- 


DOG 839 DOG 841 



O 2 A O 2 4 


MOURS 

Fic. 6. Tun Errrcrs or Sodium Saucvlate and or 

PnN-TODAP.I'tTAL SoDlUM 

Dor 839, wciRliinR 16 kRou, received 7 ml. of the hji>- 
notic dniR. The respiratnO' rntc fell from 24 to 14 per 
minute. Tlic anim.il then received 5 Rmms of fodiam 
wlicylutc in 25 per cent fohilion flowly by vein. Tl'.e 
re-te to 64 w.w.'.y,e 7.rA 

elevated thronplioat the eSperirntnt. Dor 841. vveiphinR 
19,5 kpm.. rcceixcfl 8 ml. of pcntoharhital 5>fiam by vein. 
31!' tc'pirations j'romiit'y dccrceifeij from 20 t.o S S'cr 
mimite. Seven ml. of t.T’.inm sedicylatc were then in- 
jc'Cttd by Vein. The rc*p*ri^t'‘'ry rate remained een^tar.t 
for Vr hs’Ur, then inerea'C-l to value' cf 72 per mirmle 



creased greatly, and a blood sample after 1 hour 
showed elevation of the pH witli corresponding 
reduction of the CO, tension. Repeated injec- 
tions of pentobarbital sodium did not reduce tlie 
respiratory rate, but the sample drawn 3 Vionrs 
after tire injection of salicylate showed a less 
marked deviation from the normal than the 1-hour 
sample. The animal was growing weaker and 
more comatose at that time and died 15 minutes 
after the last sample of blood was drawn. Dog 
841 showed the suppressive effects of the h)"p- 
notic drug on the hyperpnea more clearly, the 
respirations remaining at a low frequency for more 
than 1/2 hour following the injection of the sodium 
salicylate. This animal recovered from the effects 
of both drugs. 

Sodium barbital. One experiment was per- 
formed to test tlie effect of sodium barbital on the 
hyperpnea of salicylism. One dog received 0.1 
gram per kgm. of the drug intraperitoneally on 
the day after the administration of 10 ml. of 
meth)d salicylate. The respirations slowed pro- 
gressively during the next 2 hours to a level of 
40 per minute when the animal died. 

The experiments with pentobarbital sodium 
offer support for tlie assumption of a primary' 
effect of salicylates on tlie respiratory center. If 
salicylism were ciiaracterized by a metabolic acido- 
sis, tlie hyperventilation would constitute a com- 
pensatory mechanism tending to lessen the fall in 
pH by reduction of the carbonic acid of the blood. 
Suppression of an hyperpnea of such origin would 
lead rapidly to low pH values and elevated ten- 
sions of CO,. Actually, in tlie foregoing experi- 
ments the pH and CO- tension returned immedi- 
ately to normal \’alucs with abolition of the hy- 
perpnea and did not drift into the acidotic range. 
The corrective effect of single injections of pento- 
barbital sodium on the ionic equilibrium v.-as 
Imnsicnt, but normal vnluc.s of jiH and CO; could 
be maintained by repeated do.'cs. It appear.*: that 
salicyialc and pcntohariiital .«r/.liuni. v.liilc exhibit- 
ing antagonistic effects on the ventilation of the 
dogs, had synergistic depres'Ant aivl toxic actions 
on tlieir central nenvr.is fy.-tcni', Tl'.'.- .'r.in'.rj' 
lapsed into rs deeply ci neat '. jr state anl di».d r.tf.' 
tl'.e ccndiinci .admiini-tmtion of 1, dm.'- in 

dc-'es ih.al we.'c e.'.-i'y ’.bratf i •irrh,-. 
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TAIII.F. IV 

Sab'cylisii! in t]op,s: rjfrcl of paraldehyde and oj morphine 


Dob 
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pU 
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i 

per liter 

per liter 
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940 

Paraldehyde 

7.46 

24.9 


20 

Preiiiniiiary .•sample, followed Ijy intrapcrilonc.a! injection of 


7.46 

16.1 

22 

100 

10 ml. methyl .silicylate. Weipht 18 kjtm. 

After 23 hours; respiration moderately increased. 10 ml. 








paraldehvde injected after sample. 



7.48 

17.0 

22 

70 

5 hour later; dee|) respirations. 10 ml, paraldehyde injected 







after sample. 



7.47 

11.0 

14 

160 

2 hours later; died after 2 more hours. 

941 

Paraldehyde 

7.40 

22.1 

36 

20 

Preliminarv sample, followed by intxapcritoncal injection of 


7.48 

18.1 

25 

150 

10 ml. methyl salicylate. 

After 23 hours; pantiiiR intermittently. 10 ml. paraldehyde 
injected after sample. 





7.40 

17.6 

27 

60 

10 minutes later. 



7.52 

12.8 

15 

250 

1 hour later; panting, comatose. 



7.54 

10.0 

11 

250 

4 hours later; comatose, labored breathing; died ^ hour after 


i 





sample. 

Sp. 

Morphine 

7.46 

14,5 

19 

200 

16 hours after 10 ml. methyl salicylate. 135 mgm. morphine 




i 

injected intramuscularly, in divided doses, over period of 
2} hours. 





7.57 

12.0 

13 

180 

3 hours after start of morphine injections; twitching of_ ex- 
tremities every 3 to 4 minutes, generalized convulsions 
immediately after sample; died 2 hours later. 


ments were carried out with paraldehyde. This 
drug was chosen because of its low toxicity and 
because it has little, if any, effect on the respira- 
tion. In Table IV are presented data on 2 dogs, 
each of which was injected with paraldehyde on 
the day following the administration of 10 ml. of 
methyl salicylate. Dog 940 received 20 ml. and 
dog 941 received 10 ml. of paraldehyde intra- 
peritoneally. The data listed in the table demon- 
strate the absence of any depressant effect of 
paraldehyde on either hyperpnea or alkalosis. Ac- 
tually, the impression was gained that the hyperp- 
nea was intensified following the administration of 
the hypnotic drug. Both animals died about 4 
hours after receiving doses of paraldehyde far 
below those tolerated by normal dogs. It would 
appear, therefore, that paraldehyde, as well as 
the barbiturates, potentiate the toxic effect of 
salicylates. 

Morphine. In view of the pronounced depres- 
sant influence of morphine on the respiration of 
normal animals, it appeared of interest to study 
its effect on the hyperpnea of salicylism. The data 
of 1 experiment are presented in Table IV. Mor- 
phine did not produce significant reduction in 
either depth or rate of the respirations. Its out- 
standing pharmacologic effect was a further in- 


crease of the hyper-reflexia, leading to generalized 
tetanic convulsions. In 2 other dogs, similar ob- 
servations were obtained. 

It is known that morphine has both narcotic and 
convulsant effects. This experiment suggests 
that salicylates have the property of reinforcing 
the convulsant and suppressing the hypnotic 
action of morphine. 

The experiments with the several hypnotic and 
respiratory depressant drugs may indicate that 
salicylates increase the susceptibility of the central 
nervous system to the toxic effects of hypnotic 
drugs. The results suggest that the administra- 
tion of any hypnotic drug in the treatment of sali- 
cylism in man is inadvisable. 

EFFECT OF SODIUM BICARBONATE IN SALICYLISM 

Since sodium bicarbonate has been thought to 
ameliorate the toxic effects of salicylates (8, 12, 
18), it appeared of interest to study its effect on 
the ionic structure of the blood in salicylism. In 
Figure 7 are presented the data on 1 dog who re- 
ceived 0.6 gram per kgm. of sodium bicarbonate 
intravenously 1 day after the administration of 10 
ml. of methyl salic}date. Two preliminary samples 
of blood drawn 4 hours apart indicated that the 
animal was in a state of moderate salicylism. Ten 
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Fig. 7. The Effect of Sodium Bicarbonate on 
Salicylism 

Dog 937, weighing 17 kgm., received 10 ml. of methyl 
salicylate intramuscularly on the day preceding the in- 
travenous injection of 10 grams of sodium bicarbonate in 
5 per cent solution. The animal appeared unaffected by 
the injection. 

minutes after tlic injection of the sodium bicarbo- 
nate, tile plasma pH avas found to be 7.73, and the 
CO; content had increased liy 15 m.cq. per liter, 
while the CO; tension had remained unchanged. 
The scrum sodium, which was below the normal 
level before the injection, rose, while the potassium 
decreased even further. Blood samples 2 and 9 
hours later showed that the pH had decreased and 
the CO- tension had risen slowly. Twenty-four 
hours after the injection of the sodium bicarbo- 
nate, the animal appeared to be entirely nomi.al 
and shuwe-d no sign of intoxic.ation. In Figure S 
are portrayed ilic changes in dog 93S. which re- 
ceived identical ex]vcrimentP.l treatment. Five 
min.utcs after tlic inic-ctien of sodium hi-arlvmate. 
the I'h'oJ pH rose t<i 7.<»S and th.e CO. content to 
31 m.oq. per liter. For ia nrs after th.e iniectirn, 
a state of severe alh.-.l persistt-l, but 2-5 b'-nrs 


later the animal appeared to be in good condition. 
Of the several more experiments with similar re- 
sults, one deserves special mention. Shortly after 
the administration of sodium bicarbonate the ani- 
mal developed convulsions, apparently tetanic in 
nature, and died. 

Sodium bicarbonate does not appear to have a 
primary effect on the disturbance of the electrolyte 
equilibrium in salic)dism. Neither the hyperpnea 
nor the CO- tension were immediately clianged. 
The bicarbonate content was increased. The pH 
changed in proportion to tlie vatynng ratio be- 
tween bicarbonate and carbonic acid, a result simi- 
lar to that obtained by tivo investigators (19) in 




I'lf.. S. Tun Enrer or Scmum Iltc.n rM.'AiT. on 
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normal human subjects. These findings also sup- 
port the theory that salicylates exert their effect 
centrally and that a state of respiratory allcalosis 
characterizes salicylism. Sodium bicarbonate ap- 
peared to hasten the recover}’’ from the intoxica- 
tion, the dogs appearing normal williin 24 hours 
after the administration of salicylates wliile un- 
treated control animals appeared ill for 2 addi- 
tional days. Sodium bicarbonate may exert its 
beneficial effect on the duration of the intoxication 
by causing increased urinar}’’ elimination of sali- 
cylate (8). The occurrence of tetany after the 
injection of sodium bicarbonate appears hardly 
surprising in view of the extent of the elevation 
of the pH produced. The possibility of tetany 
should be considered when the administration of 
sodium bicarbonate is contemplated in the treat- 
ment of salicylism in man. 

DISCUSSION 

The finding that salicylates cause a respirator}’’ 
alkalosis does not in itself imply that these drugs 
exert their effect directly on the respiratory cen- 
ter. The possibility of a reflex mechanism for the 
hyperpnea by way of stimulation of the chemo- 
receptors in the carotid bodies must be considered. 
The evidence for tlie site of action is meager at 
’ the present time. Results have been obtained in 
1 cat (20) which appeared to indicate that sodium 
salicylate exerted mainly a central effect, but a 
reflex component in the causation of the hyperpnea 
, could not be excluded. The fact that the hyper- 
ventilation in the experiments here reported could 
be abolished, at least transiently by barbiturates, 
would also appear to indicate a direct action of 
salicylates on the respiratory center. As furtlier 
indirect evidence of a direct influence on the brain 
may be cited the presence of other symptoms of 
irritation of the central nervous system, as well as 
the pathologic findings of congestion and petechial 
hemorrhages in the brain tissue. 

The findings here reported deal only with hu- 
moral phases of the varied and widespread effects 
of salicylates. These drugs appear to act on the 
liver in a specific manner, affecting its content of 
glycogen and glutathione (21) and influencing 
the production of prothrombin (22, 23) and of 
fibrinogen (unpublished data) . The effect of sali- 
cylates on the kidneys has been mentioned earlier. 
Alterations in the function of these organs may in 


turn afFect the electrolyte Ijalance of the blood, 
modifying the usual picture of rc.spirator}’ alkalosis. 

Salicylates influence the intermediary metabo- 
lism in a variety of ways, afTccting the excretion 
of nitrogen and of uric acid and inhibiting the ac- 
tivity of several oxidative enzyme systems (21). 
7'hcir effect on the intermediary metabolism of 
the cells may underlie their physiologic actions; 
c.g., the stimulation of respiration may result from 
an altered metabolism of the cells of the respira- 
tory center. 

CONCLUSIONS 

1. The administration of methyl and sodium 
salicylates to monkeys and dogs causes primary 
hyperventilation with lowering of the CO; tension 
in the blood, leading to an alkalotic tendency, 
which may or may not be accompanied by de- 
creases of bicarbonate. Frequently, lowered total 
electrolyte concentrations were obsen’cd. Low 
concentrations of inorganic phosphorus and of 
potassium were found. 

2. The effect of pentobarbital sodium, barbital 
sodium, paraldehyde and morphine on the hyperp- 
nea of salicylism were studied in dogs. Hyper- 
ventilation could be suppressed and nonnal values 
for pH and CO; restored by the administration of 
pentobarbital sodium. All hypnotic drugs studied 
appeared to increase the toxicity of the salicylates. 
Morphine was found to exert a convulsant action 
without notable decrease of the hyperpnea. 

3. The effect of sodium bicarbonate on the elec- 
trolyte structure of the blood in salicylism in dogs 
was to increase pH and bicarbonate content with- 
out affecting the tension of CO;. The administra- 
tion of sodium bicarbonate appeared generally to 
shorten the duration of the salicylate intoxication, 
but in 1 animal fatal tetany occurred. 
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While hyperpnea and reduction of the CO~ con- 
tent of the blood are generally recognized findingf; 
of salicylate intoxication, little is lenown concern- 
ing the effect of therapeutic doses of salicylates. 
The prevailing impression ( 1 ) appears to be that 
such doses have no effect on the respiration. In- 
vestigations dealing with this question in experi- 
ments 'of a few hours duration showed small de- 
creases of the COo tension after single doses of 
salicylate (2, 3). 

As part of an inquirjf into the physiologic ac- 
tions of salicylates, a study was undertaken on 
the changes in the electrolyte equilibrium of the 
blood of patients receiving therapeutic doses of 
salicylates. 

METHODS 

With precautions to avoid stasis, venous blood samples 
were drawn by means of a tightly-fitting syringe and 
needle and were delivered under paraffin oil. Determina- 
tions of serum pH, CO-, chloride, and sodium were car- 
ried out by methods previously described (4). 

RESULTS 

In Table I are presented the data on the electro- 
lyte equilibrium of 21 rheumatic patients, 3 to 15 
years old, and weighing 15 to 65 kgm., who had 
received sodium salicylate or acetylsalicylic acid 
orally in amounts ranging from 0.07 to 0.28 gram 
per kgm. body weight daily. The period of medi- 
cation varied from 1 to 28 days. Fourteen of the 
patients developed one or more of the manifesta- 
tions of salicylism. These varied in severity from 
a simple hyperpnea, the mildest symptom, to in- 
tense vomiting with hematemesis, which was ob- 
served in 2 of the patients. A relationship be- 
tween dosage and symptoms is clearly indicated: 


only 2 of 8 patients who received salicylates in 
doses of 0.15 gram per kgm. or less developed the 
signs of salicylism that appeared in 12 of 13 pa- 
tients who received higher doses,- a statistically 
highly significant difference. The pli values in 
the control sample of blood, i.r., samples that were 
taken cither before the start of the treatment or 
several days after its discontinuance, ranged from 
7.37 to 7.52, average 7.43. During the period of 
treatment, most patients showed small variations, 
mostly increases, in the pH of their blood, the 
highest value observ’cd being 7.57. The COj con- 
tent, averaging 26.2 m.eq. per liter for the control 
samples, decreased in every instance and reached 
values of less than 20 m.eq. per liter in 14, and 
of less than 15 m.eq. per liter in 3 of the patients. 
The COn tension, at a mean value of 42 mm. Hg 
in the control samples, also fell during each period 
of medication. In 13 of the patients, the tension 
reached values of below 30 mm. Hg and in 3, 
values of below 20 mm. Hg. The serum chloride 
averaged 102 m.eq. per liter in the control samples. 
It was below 100 m.eq. per liter before treatment 
started in 3 patients with cardiac decompensation. 
On 2 of these, the sodium also was determined 
and found to be 135 and 136 m.eq. per liter. In 
18 of the patients the chloride increased, the maxi- 
mum increase being 16 m.eq. per liter. The serum 
sodium, 140 m.eq. per liter in the control samples, 
during the period of rnedication deviated from the 
normal by less than 4 m.eq. per liter in 8 patients, 
decreased by as much as 9 m.eq. per liter in 4, and 
increased in 1 patient. This increase occurred in 
1 of the patients with cardiac decompensation in 
whom a low serum sodium and chloride had been 
found in the preliminary blood sample. 

In Figures 1 to 3 are portrayed different pat- 
terns of change in the electrolyte equilibrium of 
the plasma, representing diverse types of adjust- 


preliminary report was presented before the Ameri- 
can Pediatric Society, May 1, 1942 (Am. J. Dis. Child., 
1942. 64, 200). 

770 



ACTION OF SODIUM SALICYLATE AND OF ACETYLSALICYLIC ACID 


771 


ment to the effect of salicylates. In Figure 1 are 
shown the data for the blood of F. S. who received 
0.20 gram per kgm. of acetylsalicylic acid daily 
for 5 days. During this time, the pH increased 
slightly, the CO, content and tension dropped, 
and the chloride content increased to an extent 
corresponding to the loss of the bicarbonate. The 
sodium concentration, not shown in the figure, did 
not change notably. - Withdrawal of the drug was 
followed by a return of the values to normal. In 
Figure 2 are presented the findings on the blood 
of A. t)., who received the same dosage of acetyl- 
salicylic acid for a period of 7 days. In this case, 
the decrease of the COo content was only partly 


counter-balanced by tlie change in tlie diloride 
value; instead, the sodium content decreased to 
134 m.eq. per liter. Another type of response to 
salicylate administration is shown in Figure 3. 
Patient B. S., who received 0.23 gram per kgm. of 
sodium salicylate for 6 days, showed a transient 
elevation of the pH to a value of 7.57 with a small 
decrease of the CO; content and a marked diminu- 
tion of tlie CO; tension. In the latter part of tlie 
period of medication the pH returned to normal, 
and the CO; content decreased to a low level, 
without much further change in the CO; tension. 
The sodium content of the serum of tliis patient 
was also significantly decreased, while the chlo- 


TABLE I 

The effects of salkylale wedicalion on (he plasma eUclrolylcs 


Ca?e 

number 

Aec 

Weight 

Period of 
medication* 

Salicyl 

dosage 

pH 

COi 

pCOi 

Chloride 

Sodium 

Symptoms of falicylbet 


years 

k[m. 

days 

grams Per 
kgm. per day 


tn. eq. 
per liter 

mm. 

ng 

n. eq. 
Per liter 

m. eq. 
Per liter 


1 

15 

43 

before 

0 

7.44 

30.8 

46 

100 

142 





7 

S 0.07 

7.47 

23.2 

32 

106 

138 

None 




5 after 

0 

7.41 

29.4 

41 

104 

141 


2 

12 

6S 

before 

0 

7.43 

29.0 

44 

96 

135 





5 

S 0.09 

7.41 

22.5 

35 

107 

146 

None 




8 

S 0.09 

7.45 

21.5 

31 

108 

140 

Xonc 




5 after 

0 

7.46 

28.3 

41 

99 

134 





5 


7.47 

25.4 

35 

105 

144 

None 




8 


7.46 

19.9 

29 

107 

144 

None 

3 

9 

33 

before 

0 

7.48 

29.7 

41 

101 

141 





2 

S 0.12 

7.51 

26.2 

33 

105 

142 

None 




4 

S 0.12 

7.48 

25.6 

34 

107 

141 

None 




I after 

0 

7.48 

27.3 

38 

100 

140 

4 

13 

47 

before 

0 

7.48 

30.8 

42 

100 

143 





4 

S 0.13 

7.45 

24.5 

37 

107 

145 

None 




11 

S 0,13 

7.46 

21.6 

30 

108 

141 

None 

5 

12 

45 

before 

0 

7.42 

29.7 

45 

105 

141 





9 

S 0.13 

7.45 

26.6 

38 

107 

135 

None 

6 

14 

41 

before 

0 


24.8 


104 






4 

S O.IS 

7.45 

17.7 

24 

105 


Vomited once, lethargic 

7 

12 

4S 

before 

0 

7.52 

31.0 

37 

95 

136 





4 

S 0.17 

7.44 

25.1 

34 

102 

159 

None 




21 

S u. 1 < 

4 •t't 

19.4 

28 

in 

139 

None 

8 

9 

51 

28 

S 0.20 

7.49 

15.5 

17 

112 


llycpneic, l.cm.itcrr.f-5 

0 

5 

17 

before 

0 

» .4-3 

2.'.S 

59 


140 






S 0.23 

7.57 

24.S 

27 






6 

5 .tftcr 

S 0.25 

0 

1 .4 1 

7.41 

J4.4 

24.7 

22 

B 


155 

150 


10 

8 

25 

I'cft'rc 

0 

7.59 


40 

!0'( 

1 •'> 





1 

S 0.2G 

) 7.42 

24. s 

!■ -'7 

i W: 

14.1 

\V rr 

It 

11 

25 


1 

1 

i T.4' 

2<^0 

i 





I 


Lf:rr 

i s o.;g 
! 

i 7.47 

4 

1 I'.-l 
' rr/j 


: U’' 

: yn 

■ 



( 


5 

; s o.M 

7.47 

; 25.9 

' .*5 

■’ yc 
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TAHi.lc I — Conlinucil 


Case 

number 

Age 

Weight 

Period of 
medication* 

Salic>d 

dosage 

pll 

COi 

J.CO, 

Clil'irid'' 


.Symptoms of s.ilicylimi 


years 

Hm. 

1 

crams {•rr 
kcm. per it ay 


rt. etj. 

f'tr lit ft 


Vi. rc. 
lilrr 

Vi. <!. 
/vr /nVr 


12 

3 

IS 

2 

S 0.27 

7.52 

14.6 


114 

138 

Hypcrpncic 




3 after 

0 

7.44 

26.6 

HH 

108 

138 

13 

9 

21 

before 

0 


26.5 


97 






4 

S 0.28 

7.52 

18.1 

22 

98 


\'oniiting 

14 

12 

33 

before 

0 

7.45 

27.2 

40 

102 






2 

A 0.12 

7.40 

23.4 

38 

101 


Xonc 




4 

A 0.12 

7.41 

19.7 

30 

109 


Vomiting, irritable 

IS 

13 

S2 

before 

0 

7.12 

27.0 

42 

102 






2 

A 0.12 

7.42 

17.4 

27 

110 


I^istlcs", ringing in cars 




4 

A 0.12 

7.46 

22.3 

31 

106 


Listifs.s, ringing in cars 


1 


3 after 

0 

7.40 

25.4 

42 

105 


16 

14 

41 

6 

A 0.18 


19.7 

31 

106 

135 

Hvpcrpncic 




12 

A 0.18 


21.0 

27 

102 

i.n 

Vomiting, liematcmcsis 




20 after 

0 


25.8 

38 

105 

140 

17 

13 

32 

2 

A 0.19 

7.49 

25.2 

34 

105 

135 

None 

i 



4 

A 0.19 

7.43 

22.3 

53 

101 

135 

Vomiting 

18 

6 

21 

before 

0 

7.37 

24.9 

42 

109 

140 





2 

A 0.20 

7.46 

17.2 

24 

112 

142 

None 




4 

A 0.20 

7.44 

12.6 

IS 

112 

139 

Vomiting, lethargic 

19 

13 

30 

S 

A 0.20 

7.50 

20.1 

25 

110 

1 134 

Ilvperpncic 




7 

A 0.20 

7.48 

16.4 

21 

! no 

134 

Hypcrpncic 




3 after 

0 

7.38 

26.0 

[ 44 

106 

143 

20 

12 

31 

before 

0 

7.42 

29.6 

47 

104 

143 





3 

A 0.20 

7.45 

19.5 

28 

111 

141 

None 




S 

A 0.20 

7.46 

19.4 

27 

114 

146 

Vomiting 




1 after 

0 

7.40 

20.2 

32 

112 





2 after 

0 

7.44 

25.8 

38 

108 

141 





4 after 

0 

7.51 

29.1 

38 

104 



21 

6 

24 

3 

A 0.21 

7.38 

15.3 

24 

112 


Dyspneic, irritable 




3 after 

0 

7.37 

26.6 

47 

105 



S Sodium salicylate. 

A Acetylsalicylic acid. 

•< f designated “before” were taken before salicylate administration^was'begun. The figures followed by 

after ’ indicate the period after medication had been stopped. 


ride, not shown, changed little. In 11 of 13 pa- 
tients, on whom repeat-samples of blood were 
obtained during periods of salicylate medication, 
further decreases of the CO^ tension, accompanied 
by diminished CO 2 content, were observed. The 
mean difference between the CO, tensions of the 
first and the second samples during periods of 
medication, statistically highly significant, was 3.6 
mm. Hg with a S.E. of 0.9 mm. Hg. This indi- 
cates a cumulative effect of the drug. 

No marked difference was observed between 
the^ effect of sodium salicylate and of acetylsali- 
cylic acid; however,, the data are insufficient for 
a detailed comparison. 

In Figure 4 is presented a scatter diagram and 


the calculated regression line depicting the rela- 
tionship between the COo tension and the daily 
dosage of salicylate. All COo tension data listed 
in Table I are plotted, with the exception of that 
of case 10 which was obtained within 1 day of 
the start of medication. The relationship between 
salicylate dosage and COo tension, evident to cur- 
sory inspection, is highly significant. It is of in- 
terest to note that the regression line cuts the 
ordinate at a COo tension value of 40.4 mm. Hg. 
close to the mean value of 42 mm. Hg of the con- 
trol samples. The equation for the regression 
line is: 


y = 40.4 -h (- 72.3) .Vi 
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START STOP 



0 2 4 6 8 DAYS 

Fig. 1 , Data tor the Blood of F. S. 


^Yhcre y indicates the CO, tension in mm. Hg, and 
x\ the daily dose of salicylate in grams per kgm. 
bodywcight. 

If the period of medication is taken into ac- 
count, a closer fitting regression equation is 
obtained ; 

y = 42.2 (- 73.7) x, + {- 0.27) 

where y and x, have the same meaning as above, 
and .V. indicates the period of medication in days. 
Both regression coefficients arc significant as 
tested by the t test. /, being 6.06. and I. being 2.0?. 

Tiiis result, based on all obsen-ations, reinforces 
the cosichssion reached from the analysis of the 
ropcat-s.am;iles ainne and indicates that tb.c cfTcct 
of salicylate incre.ascs with tlic perioti of medica- 
tion. 



m.'^ct's.sioN 

r.rj<-,,;5 cf jj.j. pre-'cnt 

d or. vcr.'.’v.s •A-fth tl-.c results 


on arterial plasma of the preceding investigation 
cannot be undertaken owing to rariations of the 
average arterio-venous difference and of the com- 
position of the blood in different veins. On the 
average, the pH of a^enous plasma is about 0.03 
units lower, and tlie CO, content and tension 
about 2 m.eq. per liter and 5 mm. Hg higher, 
respectively, than are the corresponding values for 
arterial plasma. Estimates of the composition of 
arterial plasma by the use of such correction fac- 
tors are subject to errors in opposite directions; 
veno-stasis would tend to increase the arterio- 
venous differences, while increased cardiac output 
would lead to an approach of arterial and venous 
values. Under the conditions of the present study, 
in all likelihood the first 'influence predominated, 
leading to an underestimate of the effect of sali- 
cylates on the electrolyte equilibrium of the blood. 

The data on human subjects tend to bear out 
the conclusions reached from animal experiments ; 
namely, tliat salicylates produce a primary hyper- 
ventilation with consequent decrease of tlic CO, 
tension and a tendency toward increased pH 
values. In tlic human subjects, who received 
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Fig. 3, Different Patterns of Change in the 
Electrolyte Equilibrium of the Plasma ' 


40 


55 


... ro 

N T* 

o 

a £ 
6 


30 


25 


20 


y=40.4+(-72.S)x 


• • N 


•''n 


N» • 

•s 


s. 


N 


.05 .10 .IS ao .25 .30 

Salicylale Dosage -gm-ZtCg. 


.35 


Fig. 4. Relationship between the CO, Tension and 
THE Daily Dosage of Salicylate 


smaller doses than the experimental animals, pH 
change was usually slight, indicating successful 
compensation. The compensatory decrease of the 
bicarbonate concentration in most cases was offset 


by a conimciKsiiratc increase of chloride so that 
tlic total elfclrolytc concentration of the plasma 
was maintained. In A of the patients, howei’cr, 
decreases of the scrum sodium were seen such as 
were commonly observed in dogs with salicyl 
poisoning. 

A decreased CO. tension, found in every patient 
studied, may be taken as priina facte evidence of 
increased pulmonary ventilation; however, hy- 
perpnea was not always noticed. This may have 
been because salicylates at first affect the ampli- 
tude, rather than the frequency of the respirations. 

The fact that small doses of salicylates cause 
chemical changes of the blood in the same direc- 
tion as those observed in severe poisoning, may 
indicate that, in these respects at least, the normal 
pharmacologic and toxic effects of salicylates dif- 
fer in degree only. 


SUMMARY 

In the plasma of patients receiving therapeutic 
doses of sodium salicylate or of acetylsalicylic acid, 
decreased tension and content of CO., and small 
changes of pH were found. The plasma chloride 
was usually elevated, and the sodium was occa- 
sionally decreased. The effect of salicylate ap- 
peared to be proportional to the dose administered 
and to increase with the period of medication. 
The results indicate that salicylates produce pri- 
mar}’^ hyperpnea with consequent decrease of CO. 
tension. Various types of adjustment of the elec- 
trolyte equilibrium to the hyperv^entilation were 
observed. 
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EPIDEMIC OF ACUTE RESPIRATORY. DISEASE ASSOCIATED 
WITH ATYPICAL PNEUMONIA 

By LESTER BRESLO\V i 
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(Received for publication May 16, 1945) 


Recently, the concept has developed that atypical 
pneumonia is merely an incident in what is usu- 
ally a mild epidemic disease of the respiratory 
tract (1 to 6). A group of workers (3) sum- 
marize this idea : 

"There is thus no sharp dividing line, other 
than roentgen evidence ... to differentiate cases 
of atypical pneumonia from cases of acute bron- 
chitis resembling atypical pneumonia and from 
cases of other illness of the respiratory tract. . . . 
It seems probable that at least some of these minor 
illnesses may be milder infections of the same spe- 
cific nature as atypical pneumonia. Proof of such 
a hypothesis depends on the demonstration of the 
causative agent.” 

Although numerous clinical and epidemiological 
descriptions (7 to 20) of the disease have ap- 
peared, etiological studies have been largely dis- 
appointing. A few of the cases, especially the 
more severe ones, have been demonstrated to be 
caused by ornithosis (21) and related agents, 
"Q” Fever (22) and l>-mphoc}'tic choriomenin- 
gitis (23) but it was recently concluded that “a 

» CapL, M.C., A.U.S. 


virus responsible for a large proportion of the 
cases of so-called virus pneumonia has not been 
satisfactorily established (24).” 

The present communication deals with an ex- 
plosive outbreak of respiratory disease, associated 
with atypical pneumonia, the etiologj' of which 
has been indicated to be tire virus described by 
certain investigators (25). 

The epidemic started in the only grade school 
of Kasson, a town in southeastern Minnesota, the 
population of which in 1940 was 1 ,230 people and 
spread into households of the school children. 
There were a total of 191 cases. 

Table I shows tlie symptomatology of^^ the 
disease, with cases divided arbitrarily into 3 
groups: “severe,” tliose vvith fever and bed-rest 
of more than 3 days; "moderate,” tliosc with 
fever and bed-rest of 3 days or less ; and “mild,” 
those without fe\’er or whose temperature was not 
taken and bed-rest of 3 days or less. The "severe” 
cases of this outbreak would actually correspond to 
a fairly mild form of the disease as commonly de- 
scribed; none were hospitalized and only 29 per 
cent of the "severe” cases were in bed longer than 
2 weeks, none longer tlran 3 weeks. 


TABLE i 
Symptomatoloay 



•’So'ctc" 

'’Modtrate** 

1 •■MiW 


Total 




ftu*rbrr 

Prr frrJ 


frr genS 



‘ No. of cases 

31 


47 

100 

113 

100 

191 

103 

I-cvcr 

31 


47 

100 



7S 

74 

CourIi 

51 


37 

79 

74 

65 

142 

Hwcl.-iche 

25 

Sl 

21 

45 

14 

12 

60 

31 

Chest siRns* 

12 

39 




12 


Sore thratl 

1 

3 

10 

21 

17 

15 

2S 


Coryr.i 

1 

3 

12 

26 1 

54 

42 

67 

1 3^ 

Chest pain 

2 

6 

1 

2 j 

I 1 

1 i 

4 1 

! n 

ChiUiness ' 

6 

19 

3 

6 

1 

1 ! 

10 1 

i ^ 

(».!. tvntptems 

P.ivi in I'csl 

7 ! 

23 

6 i 

13 i 

5 i 

4 i 

IS j 

! 

1 to 3 

4 se T 

12 

39 

2S 


9 ! 

' 

37 I 
12 ! 

! 10 i 

i 9 ; 

1 

.S to U 

10 






i '• 

r 

IS to :i 

<5 

29 



i 

■ ! 

f 


* 0.-.!v Ti eTirr.vr.c-i durirj the sEijt ct '.tr iVr.—.?. 
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Of the 191 cases, 26 received clicsl examinations 
by a physician during the acute stage of the illness, 
these being the more seriously afTcclcd. Rfdcs or 
dullness was noted in 12 of the 26 patients ex- 
amined. The remainder of the cases did not of 
their own initativc consult a physician, usually 
because of the mildness of the symptoms. Infor- 
mation concerning these was gathered through 
intemew of the children and their parents during 
the acute stage or within a few days thereafter by 
a public health physician and public health nurses. 
Only 7 of the more severe cases were examined 
by x-ray, usually during early convalescence, and 
evidence of pneumonia was present in 5. 


TABLE n 

Attack rate in grade school 



Number 

In room 

Number 

it) 

Attack 

rate 

First 

23 

9 

cent 

i 39 

Second 

19 

11 

58 

Third 

19 

10 

53 

Fourth and fifth 

35 

30 

86 

Fifth and sixth 

36 

22 

61 

Seventh 

29 

17 

59 

Eighth 

25 

18 

72 

Totals 

186 

117 

63 


Cough was the most common symptom, being 
present in 74 per cent of all cases ; it was hacking 
in nature with little or no sputum and almost al- 
ways persisted even in mild cases for 10 days or 
longer. This characteristic, persistent cough, to- 


gether with the relative infrequency of coryza, 
served in general to distinguish the “mild” cases of 
the milbrcalc clinically from the common cold and 
to identify them with the more severe casc.s. It 
will he noted that the incidence of cor)-7.a and 
sore throat was somewhat higher in the milder 
cases than in the severe, and the incidence of 
cough lower. Some of these milder cases may 
have been conunon colds or tninor bacterial in- 
fections. Mowever, no dividing line would be 
found clinically or temporally between the mild 
and severe cases of the epidemic. 

The attack rates in the various rooms of the 
grade school arc given in Table II. Of the 186 
pupils in the school, 117 or 63 per cent were 
afTcctcd. The attack rates in the different rooms 
ranged from 39 to 86 per cent. 

Household occurrence of the disease, by age 
groups, is .shown in Tables III and IV. In the 
94 households affected there were 329 persons 
exposed to secondary attack, considering the first 
case in each household as the primarj' attack. 
Ninety-seven or 29 per cent of the 329 persons 
exposed in households contracted the disease. 
However, most of these (56 of the 97) who did 
become ill were in the age group 5 to 14 years so 
that they were also exposed in school. Only 41 
cases occurred among the 230 persons who were 
exposed in households but not in the school, 
giving a corrected secondar)' household attack 
rate of 18 per cent, to be compared with an 
attack rate of 63 per cent in the scliool. This 
difference may have been due to an age factor in 


TABLE in 

Age and sex distribution in primary and secondary cases 



Age 

years 

Totals 

0 to 4 

5 to 9 

10 to 14 

IS to 19 

20 or more 

?Age 

Primary cases: Males 

1 

15 

i 24 

4 

2 

0 

46 

Females 

2 

13 

21 

2 

10 

0 

48 

Totals 

3 

28 

45 

6 

12 

0 

94 

Secondary cases: Males 

3 

13 

13 

2 

9 

0 

40 

Females 

7 ! 

12 

18 

4 

16 

0 

, '»olood 

Totals 

i 

10 i 

25 j 

31 

6 

jry alkalosis in moniceys anu 
ytmd methyl salicylate; the influ- 

Total cases; Males 

4 

28 

37 

6 

/drugs and of sodium bicar': ‘ - 

Females 

9 

25 1 

39 

6 ^soning. J. 

Clin. Invest. 

Totals 

13 

S3 

76 

1 '2/ 
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TABLE IV 


Secondary household allack rate* 



Age 


0 to 4 

Sto9 

10 to 14 

is to 19 

20 or more 




1 


ygars 



Males 

Number exposed 

s 1 

1 17 1 

■ 22 

9 

1 



, Number of cases 

1 3 I 

1 13 1 

13- 

2 

1 9 

1 0 





Per cenl 




Attack rate 

i 







(A.R.) 

i 38 

76 j 

59 

j 22 

10 

0 

Females 

Number exposed 



years 




Number of cases 

12 1 

1 17 j 

1 .50 

1 18 

90 1 

1 5 



7 1 

i 12 1 

18 

4 

1(3 I 

0 





per uni 




Attack rate 





1 



(A.R.) 

58 

71 

1 60 

( 

22 

1 18 

1 

0 


1 



years 



Totals 

Number exposed I 

20 1 

1 34 1 

52 

27 

183 1 

13 


Number of cases 

10 1 

1 25 1 

31 

6 

! 25 1 

0 





per cent 




Attack rate 






1 


(A.R.) 

SO 

73 i 

60 

22 

14 

0 


* Higher rates in younger age groups, especially the 5 to 9 and 10 to 14 groups, may reflect spread within the school 
rather than diflerential age attack rates. 


susceptibility or to some unknown factor favoring 
spread in the school. 

Although dates of onset were found to extend 
from September 1 to November 2, 1942, as shown 
in Table V, over 90 per cent of the cases occurred 
from September 29 to October 26, and this latter 
probably represented the true epidemic period. 
Nearly half of the cases appeared during the week 
October 6 to 12. The outbreak may thus be said 
to have been explosive. In tiiis respect, it differs 
from most of the epidemics which have been noted 
to extend over several months. One experience 
described (19) bears a close similarity to tlic pres- 
ent one. 


The disease occurred indiscrimimatcly among 
users of the one pasteurired milk supply, one 
public raw nnlk supply, and several prir-atc raw 
milk supplies, thereby eliminating milk from con- 
sideration ns a po-^sihlc source of infection. Wales 
was excluded ost siusilar groussds. Pigeon* 
alxiusnlcd its the sclsool bonse aisd otl’.cr sscarlr* 
b-aildings. Issve-'.igntion disclosed pigeons' tlrop- 
pmgs in tl'.f cpe!'.ing< of tb.e vcr.ti'atiisg ducts ir.te 
tl'c seliocl roo:n>^, and 1 dead pigeon v-t.s feun-! 
in the ventib.tu’.g sy.-tem. It was r.bo ft.atc! tb.a* 


live pigeons occasionally came tlirougli the ventil- 
ating system into the school rooms. In view of 
these facts, ornithosis was considered a possible 
etiology*. Further investigation (detailed below) 
did not substantiate this hypothesis. The be- 
havior of the disease in the households definitely 
suggested a respiratory mode of spread. The 
incubation period, estimated from the secondary 
occurrence in the household-exposed but non- 
school-cxposcd group, was from 8 to 21 days. 

Throat washings taken early in the course of 
the disease from several typical cases were inocu- 


TAtiUn V 
Dales rj ense! 


Ditn 

cf 

Prr 

cx^ 


Scptemlicr 1 to 7, 19i2 

2 

J.2 

September S to !■?, 1942 

1 

0.6 

Septemlyrr 15 to 21, 1942 

3 

I.**. 

S^epte.mlxT 22 to 25, 1942 

5 

.^.0 

S-pte.-nlKT 29 to Oct. 5, 19!2 


16 6 

Octolvrr 6 to J2, 1042 

T9 

46/, 

Ortr.’x-r 13 to 19. 1942 

.*2 


OctoVr 29 to 26, V>i2 



Octoler 27 to .Vcv. 2, 1942 


is- 





Tct:-! 


! CO 0 

I9itr r.c‘t tVr.ted 



Oror i t-ti! 
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lated = into mice. Pulmonary lesions occurred and 
some deaths after a few passages, but the respon- 
sible agent could not be difTcrcnlinlcd from mouse 
pneumonia virus of Horsfall. It was not con- 
sidered as having any etiological relation to the 
cases. Ten pairs of blood specimens showed no 
significant rise in titer between the acute-phase 
and convalescent specimens against influenza A 
(PR-8 strain) or influenza B (Lee strain). 

The epidemiological evidence suggested ornitho- 
sis. Four pairs of blood specimens were submitted 
to Dr. K. F. Meyer, Hooper Foundation for Medi- 
cal Research, San Francisco, California who re- 
ported that the complement-fixation test showed 
no increase in antibodies against psittacosis anti- 
gen. Ornithosis virus was isolated ’ from the 
organs of 10 out of 35 pigeons captured at the 
school. However, no real connection between the 

® This work was carried out at the Rockefeller Influenza 
Laboratory, Division of Preventable Diseases, Minnesota 
Department of Health, under the direction of Dr. Carl 
Eklund. 

. s This work was carried out at the Rockefeller Influenza 
Laboratory, Division of Preventable Diseases, Minnesota 
Department of Health, under the direction of Dr. Carl 
Eklund. 


human disease and the pigeon virtis could he es- 
tablished. The fact that this virus can ordinarily 
be isolated from throat washings of patients and 
established in mice suggests that the epidemic was 
not due to ornithosis. Also if the epidemic had 
been due to ornithosis, a higher proportion of 
severe cases would have been cx{)cctcd. 

Recently, a group of workers (25) have de- 
scribed a virus which they isolated from cases of 
atypical pneumonia. Specimens of sera which 
have been saved from cases of the Kasson epi- 
demic were submitted to Dr. I^Ionroc D. Eaton 
for neutralization test with the new virus. He 
reports that specimens of the sera showed a sig- 
nificant rise in antibody titer as shown in Table 
VI. Paired scrum specimens from 7 cases were 
tested. In 5 of these cases a 4-fold increase in 
antibodies was demonstrated. In one case (P. S.) 
a 2-fold increase was found, and in the remaining 
case (J. B.) titers of both the acute-phase and 
convalescent scrum specimens were above 64, sug- 
gesting recent infection with the virus of atypical 
pneumonia. Most of these cases were among the 
“severe” cases of the epidemic but were not severe 
in comparison with the usual accounts of the 


TABLE VI 


Neutralization tests xvith the virus of atypical pneumonia 
(strain Dc, amniotic passage) 


Patient 

Sex 

Age 

Date of 

Date of 

Serum diiutions* 

Horse 

Normal 

Teat 

onset 

Bpecimen 

Bl 

1 : 8 

1 ; 16 

i 1 :64 

Bcrum 

control^^ 

amniotic’** 

animal 

B.B. 

M 

years 

11 

10/ 8/42 


' 3/4 

2/3 

0/3 

' 0/3 

1 

1 

} s/7 

0/7 

C.R.t 

C.R. 

J.B. 

F 

35 

10/20/42 

10/23/42 

11/17/42 

0/4 
* 0/4 

1 


i 0/4 
0/4 

0/4 
; 0/4 

} ^1* 

0/4 

C.R. 

C.R. 

D. K. 

F 

9 

10/10/42 

10/12/42 
11/ 3/42 

2/2 

0/3 

2/3 

0/6 

0/3 

} 3/6 

0/3 

C.R. 

C.R. 

J.A. 

M 

14 

10/ 7/42 

10/10/42 
12/ 7/42 

m 

0/4 


0/4 


} 3/4 

0/4 

C.R. 

C.R. 

R. E. 


13 

10/11/42 

10/12/42 
11/ 3/42 

2/4 

0/4 


2/3 

0/4 


} 2/4 

0/4 

C.R. 

C.R. 

E. S. 

M 

35 

11/ 1/42 

11/ 3/42 
11/17/42 

2/4 

0/4 

0/4 

2/4 


■ 7/8 

0/8 

H.t 

H. 

P. S. 

F 

11 

10/11/42 

10/12/42 
11/ 3/42 

4/4 i 
0/4 

2/4 

4/4 ; 


H. 

H. 

J.W. 

♦ ^T.._ 

M 

10 

10/ 6/42 

10/10/42 
11/ 3/42 

3/4 

0/4 


0/4 


} 3/4 

0/4 

H. 

H. 


l^merator of fraction — number of animals with pulmonary lesions; denominator — number of animals tested. 
Control for virus activity. . ^ t C.R. = Cotton rat. 

Control for mtercurrent respiratory infection in animals. J H. - Hamster. 
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disease. Although no sera from the extremely 
mild cases (those who were not in bed at all) were 
tested, it seems reasonable to assume from the 
clinical and temporal similarity of the cases that 
only one agent was involved in the outbreak. 


DISCUSSION 

The neutralization test thus indicates that the 
virus described by a group of investigators (25) 
was responsible for the Kasson epidemic. Further 
study of the virus should elucidate its relation- 
ship to that group of cases among the minor 
respiratory- diseases characterized by a lingering 
cough. 

Present evidence suggests that a disease entity 
is being established as a segment of the common 
respiratory diseases to take its place along side 
the common cold and influenza. As was pointed 
out as early as 1940 (1), the disease is probably 
not primarily a pneumonia, nor in view of the 
work accomplished (25) can it any longer be 
said that its etiology is unknown. The designa- 
tion "atypical pneumonia” seems to exaggerate 
what is probably only an incident in the disease. 
Before this concept can be considered established, 
it will be nccessaiy- to isolate the virus from cases 
in which thorough clinical study excludes pneu- 
monia, demonstrate its etiological relationship to 
the cases by neutralization test, and finally show 
its correspondence to virus isolated from cases 
with atypical pneumonia. 


Tlw author is RratcCul to Dr. Monroe D. Eaton, Cali- 
fornia State Department of Health, Dr. Carl Eklund, 
Minnesota State Department of Health, Dr. K. F. Meyer, 
Hooper Foundation, .and Dr. F. R. Heilman, Rochester, 
Minnesota, for the work mentioned in the paper and for 
valu.alilc advice and encouragement. Dr, D, E. AfTeldt, 
Health Officer, Kasson, Minnesota, greatly assisted tlic 
field study of the outbreak, and ^^r. I. J. Fox, Super- 
intendent, Kasson Public Scliools, pave excellent co- 
operation. 
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THE EFFECT OF ALTERATIONS IN BLOOD VOLUME ON THE 
ANEMIA AND HYPOPROTEINEMIA OF HUMAN MALARIA ^ 

By HARRY A. FELDMAN = and FRANKLIN D. MURPHY « 

(from the Division oj Preventive Medicine, University of Tennessee, Memphis) 

(Received for ptiblicalioii May 31, 19-15) 


There is general agreement that Inimans with 
active malarial infections * develop amcnia and 
hyproproteinemia. The anemia is usually con- 
sidered to be secondary to erj'throcytc destruction 
by the intracellular parasites, but no adequate ex- 
planation has been offered for the hypoprotein- 
emia. Since laborator}-^ techniques commonly 
used measure only the relative amounts of chem- 
ical and cellular components of the blood, it can- 
not be assumed that these relative measurements 
always reflect fluctuations in the total amounts of 
these constituents. 

In order to determine alterations in the total 
amounts of circulating plasma proteins and red 
blood cells, this study of the blood volume changes 
' associated with clinically active, untreated malaria 
was undertaken. Simultaneous determinations of 
the plasma proteins, plasma bilirubin, and ery- 
throcyte concentrations were made so that the 
relative and total amounts of these elements might 
be calculated and compared. 

METHODS AND MATERIALS 

Nine patients with central nervous system syphilis, but 
otherwise relatively normal, served as experimental sub- 
jects. The group consisted of 5 white and 3 negro males 
and 1 negro female. Four patients were inoculated by the 
bites of Anopheles quadrimacniatus infected with Plas- 
modium vivax (McCoy strain), 1 patient by the intra- 
venous administration of trophozoites of P. vivax (McCoy 
strain), and 4 patients by the intravenous injection of 
trophozoites of P, falciparum (Costa strain). These data 
are summarized in Table I. 


^The work described in this paper was done under a 
contract, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and 
Development and the University of Tennessee. 

2 Major, MC, AUS. 

3 Captain, MC, AUS. 

* For the purpose of this report, the period of active 
malaria is considered to be the period of visible para- 
sitemia. Consequently, the days of disease are the days 
of parasitemia, while days which precede or follow the 
days of parasitemia are identified by minus or plus signs 
respectively. 


Par.isitc counts were performed daily on the peripheral 
blood (1). 

Plasma volume was measured (in fasting subjects) 
with the dye T-1824 (2). However, it was suggested (3) 
that a single lO-minutc sample of blood be used in place 
of an extrapolation curve to calculate the degree of dye 
dilution and this was done, except that wc_ employed a 
single 15-minutc sample. Patients were given 5 ml. of a 
0.5 per cent solution of the dyc^^ for each measurement 
and the absorption coefficient of the dyed plasma was 
then determined with a Beckman photoelectric spectro- 
photometer. 


TABLE I 

Summary of descriptive data concerning 9 malaria patients 
studied by the T-1S24 blood volume method 


Patient 

Sex 

Color 

Age 

Species 

Method of inoculation 

1 

M 

W 

29 

P. vivax 

Trophozoites 

2 

M 

c 

35 

P. falciparum 

Trophozoites 

3 

M 

c 

43 

P. falciparum 

Trophozoites 

4 

M 

w 

39 

P. vivax 

Sporozoites 

5 

M 

w 

41 

P. vivax 

Sporozoites 

6 

M 

w 

34 

P. vivax 

Sporozoites 

7 

F 

c 

36 

P. falciparum 

Trophozoites 

8 

M 

w 

48 

P. vivax 

Sporozoites 

9 

M 

c 

43 

P. falciparum 

Trophozoites 


All blood samples were heparinized and, in addition to 
dye concentration, were analyzed for plasma protein con- 
centration (4), for plasma bilirubin (5), and for red 
blood cell concentration by means of the hematocrit index. 
Hematocrits were done in duplicate and centrifuged for 
30 minutes at 3,000 r.p.m. in Wintrobe tubes. 

White patients who had plasma volumes determined on 
consecutive or nearly consecutive days became visibly dis- 
colored, and this served as a limiting factor for the fre- 
quency with which determinations could be made in the 
same individual. This “blueing” of the skin gradually 
disappeared over a period of from several days to a few 
weeks. 

Each patient had one or more “base-line" plasma vol- 
ume measurements during the period prior to the clinical 
expression of malaria. Further plasma volume determina- 
tions were made during both febrile and afebrile phases 
of clinical activity and, whenever possible, during 
convalescence. 


® Obtained from the William R. Warner Company of 
New York, N. Y,, in ampoules of this size. 
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Summary of blood volume and other studies in 9 patients with vivax and falciparum malaria^ 
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Fig. 1. Course of Patient S 
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Fic, 2. Course of Patient 8 
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Fig. 3. Relation of Pi-asma Volume to Hematocrit Alterations 


DATA AND DISCUSSION 

Plasma volume 

Erythrocyte destruction is a constant concom- 
itant of all active malarial infections. Hence, it 
was expected, a priori, that the plasma volumes of 
the patients studied would be increased if a stable 
blood volume were to be maintained. The data 
summarized in Table II tend to support this con- 
cept, for the plasma volume is increased almost 
without exception during the active phase of the 
vivax and falciparum infections studied. How- 
ever, the plasma volume increase may exceed the 
calculated loss in circulating erythrocytes, resulting 
in hemodilution with a lowering of the venous 
hematocrit out of proportion to the actual decrease 
in total erythrocyte mass (Figures 1 to 3, and 
Table II, patients 5 and 8). This dilution phe- 
nomenon, which has also been observed in pneu- 
mococcal pneumonia (6), tends to occur shortly 
after the end of a paroxysm.® The plasma volume 
tends to be lower during the paroxysm than dur- 

® The febrile excursion associated with schizogony, 
whether or not accompanied by a definite chill. 


ing the afebrile periods, probably the result of 
excessive loss of extracellular water by perspira- 
tion. 

Erythrocyte mass 

The mass of circulating erythrocytes was de- 
termined in all instances by subtracting the plasma 
volume from the calculated total blood volume.. 
As would be anticipated in a disease in which there 
is continuing blood cell destruction, the erythro- 
cyte mass progressively decreases with the course 
of the disease (Table II), 

The validity of the value for eiyThrocyte mass 
obtained by the T-1824 method has been chal- 
lenged by several workers (7, 8) , who suggest that 
the calculated value is about 25 per cent higher 
than the actual value. However, since our experi- 
ments are concerned with alterations in total 
amounts rather than the total value per se, this 
error, if relatively constant, would appear to play 
a minor role in the interpretation of these data. 
The course of a patient who received 600 ml. of 
red blood cells immediately following a blood 
volume determination is illustrated in Figure 4. 
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On the following clay another blood volunic de- 
termination revealed that the red cell mass had 
increased by 530 ml. and the plasma volume by 
50 ml. Another such patient, in whom 519 of 600 
ml, of transfused erythrocytes were detected on 
the day following transfusion, is shown in Figure 
5. Since the red blood cells were of necessity 
suspended in a small amount of plasma, the 
accuracy of the above detenninations is probably 
greater than would appear. In 1 patient (Figure 
6), however, the red cell mass increased only 
98 ml. on the day following a transfusion of 500 
ml. of erythrocytes, while the plasma volume in- 
creased 330 ml. This could be explained by the 
occurrence of a hemolytic transfusion reaction as 
reflected by the sharp increase in plasma bilirubin 
from 0.99 to 2,45 mgm. per 100 ml. 
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Total blood volume 

The total blood volume, calculated from the 
hematocrit and the value for plasma volume, tends 
to be slightly lower during fever and higher dur- 
ing the immediate post-paroxysm, afebrile phase. 
These fluctuations, usually not great, result mainly 
from changes in the plasma component of the 
blood. Observations on 4 patients during various 
stages of convalescence (Table II, patients 1, 5, 
6 and 8) suggest that the total blood volume tends 
to be decreased in convalescence primarily be- 
cause the plasma volume does not remain suffi- 
' ciently increased to make up for the reduction in 
red cell mass. The lowered plasma volume may 
result in part from the significant loss of body 
weight which these patients incur during the 
course of the disease. 

Venous hematocrit index 

A progressive fall in the venous hematocrit in- 
dex begins on the third or fourth day after the 
appearance of parasites and continues for several 
days after their disappearance. This hematocrit 
fall reflects the direction of change but does not 
indicate the quantitative alterations in erythrocyte 
mass (Figure 7). The latter inaccuracy results, 
in many instances, from hemodilution, so that, 
for example (Figure 2), a drop of 7 points in the 
hematocrit on day 12 is due almost entirely to this 
phenomenon. In general, it may be said that in 
human malaria of the character reported in this 


study a single hematocrit index gives only an ap- 
proximation of the true slate of anemia, although 
a scries of such determinations will point the di- 
rection of erythrocyte change. 

Plasma bilirubin 

The plasma bilirubin increases shortly after 
parasites appear in the blood and returns to 
normal following the end of the parasitemia. 
This increase, which is magnified considerably 
b}'’ calculation of the total circulating bilirubin 
(Table II), appears to be a reflection of the de- 
struction of erythrocytes (Figure 8). As will be 
noted, this evidence of destruction may reach con- 
siderable proportions. 

Anemia 

These studies infer that at least 2 factors are 
operating in the production of the normochromic, 
normocytic anemia of malaria; i.e., erythrocyte 
destruction and hemodilution. Bone marrow 
studies (9) suggest the possibility of a third 
factor; namely, maturation arrest of the erythro- 
cyte series. 

Plasma proteins 

The decrease in the concentration of plasma 
proteins during malarial infections has been re- 
ported (10, 11) to be due principally to the re- 
duction of the albumin fraction. While our basic 
data are in agreement with the belief that the 
relative concentration of plasma proteins falls, 
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the picture is altered when the total amount of 
circulating proteins is calculated (Figure 9), for 
it then becomes apparent that instead of a fall, 
there is more often no change or even a slight 
increase. While plasma dilution accounts for some 
of the fall in the concentration of plasma proteins 
during malaria, it fails to explain the reported 
(10, 11) selective plasma albumin decrease. A 
study now in progress, which combines blood 
volume studies with electrophoretic analysis of the 
plasma, may serve to clarify the question of quan- 
titative alterations in tlie plasma protein fractions. 
Other factors which may play a role in the protein 
alterations, and which still remain to be appraised 
critically, are nitrogen imbalance, hepatic d 3 'sfunc- 
tion, and tlie effect of the increased metabolic ac- 
tivity which accompanies fever. 

Shock 

During the course of these studies, 1 patient 
was encountered (Figure 10; Table II, Patient 
2) who presented findings of sufficient interest to 
warrant a detailed discussion. This patient, on 
the tenth day of a severe jakiparum infection, 
suddenly developed clinical signs of shock, in- 
cluding a rapid, almost imperceptible pulse, hypo- 
tension, moist, cooling skin, and semiconscious- 
ness. Blood volume and other studies were 
performed while he was still in shock and prior 
to the administration of any intravenous fluids or 
medication. Instead of the anticipated elevation 
of the venous hematocrit, which is usually associ- 
ated with the hemoconcentration of shock, the 
hematocrit index in this patient was 30, 32 per 
cent lower than the control value and 19 per cent 
less than the index obtained 2 days previously. 
The plasma protein concentration also fell. The 
plasma volume had fallen 46 per cent below the 
control value to 1628 ml., erythrocyte mass 71 
per cent to 697 ml., and the total blood volume 57 
per cent to 2325 ml. In other words, although 
there had been a drastic reduction in plasma vol- 
ume, this was not indicated by the hematocrit 
because of marked and almost concomitant de- 
struction of erythrocytes. The latter was reflected 
m the enormous increase , in plasma bilirubin, 
which had first been noted 2 days before. It 
seems reasonable to assume that the anoxemia 
resulting from erythrocyte destruction initiated 


the chain of cvent.s wliich terminated in the plasma 
decrease and shock. The marked reduction in 
total proteins, of the same general degree as the 
plasma volume, may be partly explained by in- 
creased capillar)’ leakage. 

The patient responded promptly to infusions of 
500 ml. of erythrocytes and 500 ml. of plasma. 
Although he also received intramuscularly admin- 
istered atabrinc dihydrochloridc, this could not 
have altered the immediate picture. Three days 
later the total blood volume had returned to 
normal with increases of 100 per cent above the 
shock levels in both plasma and cr}‘throcyte vol- 
iiincs. The hematocrit, as expected, was still low. 
In spite of the slight increase in the concentration 
of plasma proteins, the calculated total amount of 
protein had increased greatly to a level slightly 
larger than the control value. 

We have not been able to confirm these data 
on other patients as this is the only instance in 
which we have encountered this relatively rare 
complication of therapeutic malaria. The tech- 
niques employed were those used throughout this 
study; nowial values were obtained on a control 
patient on the same day. Since the error which 
has been stated to occur in the study of shock by 
the use of T-1824 is thought to be due to in- 
creased loss of dye from the vascular bed and 
thus is responsible for plasma volume values 
which are inordinately high (12), the significance 
of the low values obtained in our patient would 
not be diminished by this factor. The correlation 
between the biochemical and volume studies done 
during this shock state, the studies done on prior 
and subsequent days, the clinical findings, and 
the theoretical concepts lead us to accept the 
qualitative accuracy of the direction and degree 
of the above described alterations. 

The therapeutic implications of tliis case are 
clear, for had treatment been directed toward the 
improvement of shock by plasma transfusions 
alone, the clinical state undoubtedly would have 
been worsened. Although it was necessary to 
bolster the blood volume, to have done so without 
including erythrocytes might have been disastrous 
in view of this patient’s marked anemia. Since 
the destruction of erythrocytes is such an integral 
part of malarial infections, it should be emphasized 
that transfusions of whole blood or erythrocytes 
are vital in the treatment of the shock which is not 
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uncommonly encountered in neglected jaldparum 
infections. Plasma infusions alone ma}' reduce 
the ratio of circulating red cells below the critical 
level and result in a fatality. 

SUMMARY AND CONCLUSIONS 

1. The alterations in blood volume during the 
course of induced malaria in 9 patients have been 
studied by means of the dye T-1S24. 

2. (a) Plasma volume is almost unifonnl)' in- 
creased during the active phase of vivax and 
jaldparum infections. This increase reflects the 
ability of the body to inaintain a fairly constant 
blood volume in the presence of erj'throcyte 
destruction. 

(b) The plasma volume increase may be dis- 
proportionately great following a paroxysm and 
thus the degree of anemia as measured by the 
hematocrit may be exaggerated. 

(c) The plasma volume tends to be lower 
during the paroxysm than during the afebrile 
intervals. 

3. The calculated mass of circulating er}fthro- 
cytes progressively decreases witli the course of 
vivax and jaldparum infections. 

4. (a) The calculated total blood volume tends 
to be slightly lower during the malaria parox}'sm 
and higher during the afebrile intervals. These 
fluctuations are due mainly to alterations in the 
plasma volumes. 

(b) The total blood volume tends to be re- 
duced during convalescence. 

5. The concentration, as well as total amount 
of plasma bilirubin, increases during the period 
of visible parasitemia and reflects erythrocyte 
destruction. 

6. The normocytic anemia of clinically active 
malaria may be due to at least two factors ; namely, 
erythrocyte destruction and hemodilution. 

7. The concentration of plasma proteins falls 
during the clinical phase of vivax and jaldparum 
infections. However, the total amount of circu- 
lating plasma proteins remains fairly constant 
and may in fact be increased. 

8. (a) In one case of shock due to severe 
jaldparum malaria, a drastic decrease in plasma 
volume and eyrthrocyte mass was observed. 


(b) These studies suggest that in the treatment 
of the shock which may be encountered in malarial 
infections, the administration of whole blood or 
erythrocytes is mandatory while plasma trans- 
fusions alone may be harmful. 

It is a plc.nsiirc to ncicnowicdpc the constant advice and 
cooperation of Doctors Robert Briggs Watson, Hcnr>' 
Packer and William B. Wcntlcl. 
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CHEMICAL, CLINICAL, AND IMMUNOLOGICAL STUDIES ON THE 
PRODUCTS OF HUMAN PLASMA FRACTIONATION 

XXIX. SERUM ALBUMIN AS A DILUENT FOR 
Rh TYPING REAGENTS = 

By JAMES W. CAMERON and LOUIS K. DIAMOND 

{From the Departments of Physical Chemistry and Pediatrics, Han’ord Medical School, 
and the Blood Grouping Laboratory, Children's Hospital, Boston) 


During the last two years methods for the 
separation and concentration of the anti-Rh iso- 
agglutinins have been developed as a part of tire 
study of the fractionation of human plasma (1). 
The solubility characteristics on which the separa- 
tion has been based resemble those of the anti-A 
and. anti-B isoagglutinins, and have been summar- 
ized in a previous communication (2) . The final 
products have been prepared as protein powders, 
stable and readily soluble, which may be packaged 
in convenient quantities and reconstituted to yield 
potent reagents useful for Rh typing or for A or 
B grouping, respectively. 

In contrast to the anti-A and anti-B isoagglu- 
tinins, which may be obtained readily from grouped 
plasma pools from normal donors (3), the avail- 
able supply of anti-Rh material is limited. The 
incidence of anti-Rh agglutinins in the general 
population is very low, and bleedings suitable as a 
source of original plasma for processing must be 
obtained from sensitized Rh negative donors, 
special!}' selected (2). Moreover, the phenome- 
non, tenned "blocking,” ° whereby tire antibodies 
in certain anti-Rh scrums fail to agglutinate 
homologous Rh positive cells in sodium chloride 
solutions, but appear to combine with them and 
to inhibit the action of Rh agglutinins (4, 7, 8), 
has made these serums and the anti-Rh globulin 

* Tins work has been crirric<l out under contracts, recom- 
mended by tlic Committee on Medical RcJearcli, Vtween 
i!ie OfTicc of Scientific Research and Development and 
I larvard University. 

• This p.ipcr is Xu!r.l)tr -tO in the scries “Studies on 
Pla>;!r.a Proteins'' from the Harvard Mctlical Scb.oe.1, 
Bovton, Ma*fr,chu'etts. on products devclopevl by the De- 
partment of Physical Q'.r:r.->try. The bh-v-vd was trllectr-l 
by ib.c lUoo'! Grouping Icilvcratcry. O'.ildrm's Ho’p'tal. 
Btviton. 

t The te.'minrlocy c{ \Vim*r (■!, 5' Dm i:<c-l 
fUiprr. Tl’t Trm*.'’ *’Is*r** *•< 

rJ.tcrtL'stixr? ! *» ‘ zr] V.r;*t*jV'TZt:rrr I-ixt 

J'rop'md tlrrubrrc 


fractions obtained from them unsuitable for use 
as t}'ping reagents by ordinary methods. 

Anti-Rh agglutination witlt serums containing 
"blocking” antibodies may be demonstrated by 
the slide method^ if w'hole blood is used (9), or 
by tlie test tube metliod * when compatible plasma 
or serum, instead of isotonic sodium chloride, is 
tlie reaction medium (10, 11). Plasma, or serum, 
is similarly effective with anti-Rli globulin frac- 
tions high in "blocking” antibodies (12). These 
globulin fractions, which in isotonic sodium chlor- 
ide systems either on the slide or in the test tube, 
agglutinate specific Rh positive red cells poorly or 
not at all, cause strong agglutination in whole 
plasma. Plasma also intensifies, to a lesser degree, 
the reactions of “agglutinating” antiserums, i.c., 
those in which no “blocking” antibodies arc 
demonstrable. 

Influence oj whole plasma on anti-Rh ai'idily 

Reaction limes of cells in plasma and in sodium 
chloride, when measured against each of these 
kinds of anti-scnim, arc reported in Table I. For 
these tests, packed Rh, cells, twice washed in 
isotonic sodium chloride, were rcsu.«pcndcd in tl’.cir 
own plasma and in the salt solution. A mewmed 
volume, 0.03 ml. of cell suspension, was mi.xcd on 
a slide with 0.01 ml. of antiserum, and the reaction 
was timed as the slide wa.s rocked over n viewing 
lx>N, The times for first agglutination vi^-ihle to 
the unaided eye, and for an a'’.\-anci(I .•-tnge, wJ'.icli 
has l;ccn called "complete" .''.ggluti:’..'iti'':'.. were 
recorded. Tlie nta.ximum sire of clump*- .minin'; ' 
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TAHLK 1 

The avidities on the slide of an "ap^^iitinatinp," and a "blorhinp" Rh antiserum, apainsl cells in plasma 

and in isotonic sodium chloride 


Type of antiserum 

Kill cell 
concentration 

1 

1 

Slide nCKliitln.itlon limea 

Sire of final cliimpi • 

' rirst visible 

1 

Cotnpiele 

In 

plrwma 

In nodliim 
clilofldc 

In 

pl.nnm 

In sodium 
chloride 

In 

pl.wna j 

In sodium 
chloride 

“Agglutinating" 

per cent 

50 

15 

seco 

20 j 

n<ls 

CO 

100 

k 

<k 

25 

15 

25 

70 

210 

k 

>sm 

“Blocking” 

50 

20 

25 

110 

>300 

k 

sm 

25 

20 

40 i 

1 

120 

>300 

k 

<5m 

f 


* Symbols: "Ig" means "large"; "sm” means "small.” 


within 5 minutes was also noted and was classified 
in a series from “small” to “large.” ^ It may be 
seen that against the “agglutinating” antiserum, 
a 50 per cent cell suspension in plasma reacted 
somewhat faster, and showed larger clumps than 
did the same cell concentration in sodium chloride. 
With a 25 per cent suspension the plasma medium 
gave a markedly better reaction than the sodium 
chloride medium. The contrast between plasma 
and sodium chloride was much more striking 
when “blocking” antiserum was used. Agglutina- 
tion was excellent in plasma and very poor in the 
salt solution.® 

Influence of plasma fractions on 
anti-Rh avidity 

In an effort to discover which of tlie components 
of plasma contribute to the beneficial effects 
observed, a preliminary avidity study of some of 
the separated fractions of human plasma (1) was 
made. Approximately 10 per cent protein solu- 
tions were prepared at isotonicity and neutral pH. 
To detect any non-specific effects, 2 per cent 
suspensions of cells (type Rh^) were first made 
in these solutions without the addition of antibody 
and were studied microscopically. 

Fractions I (fibrinogen) and II (y-globulin) 

® We have considered these slide reactions to be satis- 
factory if agglutination is first visible within 30 seconds 
and complete within 120 seconds and if the clumps are 
“medium” or “large.” 

® These results are discussed further in connection with 
Table VIII. 


caused non-specific clumping,*’ * and therefore arc 
not included in the study which follows. Sub- 
fractions of III and IV (described later) caused 
at most only a trace of clumping. No non-specific 
clumping occurred with fraction V (albumin) or 
with a similar solution of ciystallizcd bovine 
albumin.® Cell suspensions in whole plasma 
showed considerable rouleau formation, as is often 
the case. 

The effects of the media upon speed of agglutina- 
tion on the slide were next compared. Twenty- 
five per cent suspensions of Rlij cells were pre- 
pared in the various protein solutions, in whole 
plasma, and in sodium chloride alone. This con- 
centration of cells, rather than a 50 per cent con- 
centration, was chosen in order to observe more 
accurately the progress of cell aggregation. An 
anti-Rh globulin composed largely of “agglutinat- 
ing” antibodies and dissolved in buffered sodium 

^ Gelatin solutions in sodium diloride have a similar 
effect which is inhibited by glycine (13). Glycine like- 
wise prevents tlie clumping of red cells by 7-globulin 
(14). 

® While the non-specific effects of both fractions de- 
creased upon dilution with isotonic sodium chloride, an in- 
teresting difference in their influence upon avidity was 
noted. Fraction TI, when used in 2 per cent concentra- 
tions as a cell suspension medium, caused no non-specific 
clumping, nor did it improve specific agglutination on the 
slide. Fraction I, on the other hand, showed no macro- 
scopic non-specific effects at 0.8 per cent concentration, 
yet was still effective in improving avidity. Further stud- 
ies are indicated. 

® See footnote number 12. 

The antibody molecules themselves probably comprise 
less than 1 per cent of the protein in these preparations. 
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TABLE n 


The effects of human -plasma fractions on the avidity of anti-Rh globulin 


Cell suspension medium ♦ 

j Slide agslutiuation times 

Designation 

[ Prindpal protein component 

Final concentration 
on the sh'de 

First visible 

j Complete 


1 

i>cr aril 

1 seconit 

Isotonic sodium chloride 


— 

no 

>300 

Whole plasma 

— 

"5”t 

40 

120 

Fraction III-O 

P Lipoprotein 

8 1 

45 

165 

Fraction III-l, 2 

/t Euglobulin 
Globulin 

8 

40 

140 

Fraction IV-I j 

a Lipoprotein 

8 i 

40 

210 

Fraction IV-3, 4 

a Globulin 

7 

30 

150 

Fraction V (human) 

Albumin 

8 

80 

250 

Fraction V (bovine) J 

Albumint 

8 

80 

260 


* 25 per cent suspensions of Rht cells were used. 

t I'S per cent" plasma means that 3 parts of cell suspension in whole plasma were added to I part of antibody rc 
agent in sodium chloride. 

t The material used here was a crystallized product, prepared from Fraction V by the Armour Laboratories, Chicagc 
Illinois. See also footnote 12 in text. 


chloride was used; the tests were performed as 
described earlier in the paper. The results are 
presented in Table II. 

Cells in sodium chloride, as expected, reacted 
very poorly, while tliose in plasma showed rapid 
agglutination. Several fractions of human plasma 
comprising lipoproteins and globulins, and known 
as Fractions III-O, III-l, 2, IV-1, and IV-3, 4, 
approached unfractioned plasma in their effects 
at the concentrations tested. The albumin frac- 
tions, both human and bovine, which had earlier 
been observed to increase speed of agglutination 
on tlic slide, were less effective than these fractions 
but much better than sodium chloride. Certain 
mixtures of albumin with the other proteins were 
more effective than albumin alone. Further study 
of the subfractions of III and IV is clearly indi- 
cated. Even though it was realized that these 
fractions might be useful, bovine scrum albumin 
was chosen, bccau.se of its high stability, its low 
viscosity, and its availability in qu.antity. for addi- 
tional experiments which arc the subject of this 
tvipcr. 


lnf.ucr.ee oj scrun: cU’umir. on cnti-Rh 
a(]glutir.c.iion by the test tube ir.cthod 


Several pools cf anti-Rh plasnVi h.avc recently 
been fraction-ated. The original .nvitcrbl laad Ice.n 


segrr, gated into 
'■.agglutinatitgg” 


2 cr.;rgi;rirs, 1 cont.-.in 
^ tl'c 




».;r 


in 


“blocking” antibodies. The corresponding frac 
tionation products have likewise been found to b 
low and high, respective!}*, in “blocking” anti 
bodies.’* The behavior of both kinds of materia 
and the effects of albumin upon their agglutinatin, 
properties in vitro and upon their stability i 
considered in this communication. A relate 
paper (6) deals with the use of albumin in th 
detection of anti-Rh agglutinins in whole scrum; 
After tests had shown that human and bovin 
albumins arc very* similar in their effects, w 
adopted crystallized bovine albumin for thc.s 
experiments. A number of bovine albumin prc[ 
arations, both of the crystallized protein and c 
Fraction V which is over 95 per cent albumin an 
tlic starting materia! for crystallization, hav 
proved satisfactor}’.” Tire reactions Isavc a!w.av 
been noted in systems at neutral pH and mad 
isotonic with sodium chloride or some other .‘^ui; 
able electrolyte. 

Albumin, like plas.ma, when u<crl as parr ai tl; 
reaction mctliiim, cn.abk-s nnti-Rh globtrlin hiyli i 


’’The two var-k;:’-s ef r.r.'.i’.vty hzvt r: 
irp-irarcd by ch-w.:»l frr;*.;— .r. 

”V.’c sre ir-'.t'-.r-i to f- r .\rr-vv' IjsV 
cu-o, li’-r.:--, f'.r tf.b r-.jt-r."!. i.* h:-. •.-i- 
a c-TUri:: rrc rT-.w-n-tf ; !y - O—r ■*. 
ftetrarfh. cf t'-.r O:":- r; 

” CcrU'r: tt.-j c* ! si cz- 

har- F.hrr. es-ah ccat 


vft !.-* 
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Mv-r • 
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TAIII.E nt 


Titrations of anti-Rh globulin fractions high in "blocking" antibodies in sodium chloride systems with and without albumin* 


Gloliulin 

prepa- 

ration 

number 

Finnl reaction medium 

IVl'C 

of 

cells t 

Anti'llh 'lil’iti ’fi 1 

H 

i o 

— 

8 

ir> 

■9 

■mH 

1 

i:s 


,U2 

1 

lO-M 

:ois 

m-, 

SIW 

14 

Isotonic sodium ctiloride 

Rill 

0 

0 

0 

0 

0 

0 


HHH 


1 



j 


rh 

0 






n 








Albumin (20 per cent) 

Uhl 

QQH 

•l-i-d”}- 



-l-h+d- 

d-f-d- 


-hdd- 

d-d- 

■*' 1 

tr 

0 

0 


rli 

0 

1 





i 








17 

Isotonic sodium cldoridc 

Uhl 


0 

0 

0 

0 










rh 

0 














Albumin (20 per cent) 

Ulii 

++-1-1- 

T-h-i-d- 

+d-i-i-i 



d-d-dd 

d-d-d- 

d-d'd- 

•f'l* 

d -f- 

d- 

tr 

tr 

0 

rh 

0 






i 



i 

1 


1 

1 

! 

i 


* Geometric dilutions of the nnti-RIi globulin solution were m:\de in small test tubes so that each lube contained 
0,05 ml. One-tenth of a ml. of a 2 per cent suspension of red cells was a«lded to each lube. After incubation for 1 hour 
at 38° C., followed by brief centrifugation, the packed cells in each tube were gently shaken up and the degree of agglu- 
tination recorded. Weak reactions were checked microscopically. The symbol “tr" means "trace agglutination." 
t "rh" means “Rh negative." 

t Column headings in this and similar tables arc reciprocals of the dilutions of the anliboely reagent. 


“blocking” antibodies, to agglutinate homologous 
Rh positive red cells. This is shown in Table III, 
which presents the titrations of 2 anti-Rh prepara- 
tions assayed in sodium chloride systems with and 
without albumin. Preparation 14, which showed 
no titer in the salt solution alone, showed agglu- 
tination in albumin to a dilution of 1 .T024. Prep- 
aration 17, with only a trace reaction at its highest 
concentration in sodium chloride, had a titer of 
1:4096 in albumin. The reactions were specific, 
as was indicated by the Rh negative control tests.^* 

Further experiments have been performed witli 
anti-Rh globulins containing “blocking” antibod- 
ies in sodium chloride systems with and without 
the addition of serum and albumin. Representa- 
tive results are reported in Table IV. For each 
of these tests, 1 part of anti-Rh globulin solution 
in sodium chloride or albumin was mixed in a 
small test tube with 2 parts of a 2 per cent suspen- 

The soluble A and B factors of Witebsky have usu- 
ally been added to neutralize the anti-A and anti-B iso- 
agglutinins. Complete elimination of agglutination due to 
these antibodies requires a large excess of the group- 
specific substances, particularly if the typing reagent is to 
be used in an albumin medium. 

Non-specific reactions with Group 0, Rh negative cells 
have been observed in systems where relatively high con- 
centrations of anti-Rh globulin had been superimposed 
upon 20 per cent albumin. Satisfactory typing reagents 
must of course be free from such effects. It is important, 
in the fractionation of anti-Rh serums, to remove as com- 
pletely as possible 7-globulin and fibrinogen, which have 
been shown to be especially conducive to such reactions. 


sion of Rh; cells m sodium chloride, serum, or 
albumin. The final .systems thus contained varj'- 
ing percentages of protein. No agglutination 
occurred with any of the anti-Rh preparations in 
the sodium chloride medium alone. Preparation 
S gave strong agglutination in all the other systems. 
Agglutination with Preparation 17 was weak in 
5 per cent albumin, stronger in “5 per cent” 
serum, and still stronger in the higher protein 
concentrations. Agglutination with preparation 

TABLE IV 

Agglutination by anti-Rh globulin fractions high in "blocking" 
antibodies, in sodium chloride systems with 
and without serum and albumin* 


Final reaction medium 

Globulin preparation number 

S 1 

i 

2 

0.9 per cent sodium chlo- 
ride 

0 

0 

0 

5 per cent albumin 

Solidf 

+ 

0 

"5 per cent" serum t 

4- + + + 

-k-k-t- 

0 

10 per cent albumin 

+ -f-f--k 

-k + -k-k 

0 

"5 per cent" serum and 5 
per cent albumin 

Solid 

Solid 

+ ++** 

15 per cent albumin 

Solid 

-k-k + -k 

+ + 


* The readings were made as_ in Table III, after the 
usual incubation and centrifugation. See text for further 
description. 

t The term “solid" means "one large clump.” 

f Group AB, Rh positive. "5 per cent” serum means 
that whole serum was diluted 2 : 3 in the final system. 

** Includes rouleaux. 
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TABLE V 


• Titrations of an anti-Rh globulin fraction low in ''blocking" antibodies, in sodium chloride systems zcith and ssithoul albumin' 


cells 

Final reaction medium 

Anti-Rh Elobulin dilution series 

1 

2 

4 

i 8 

16 

32 

M 

12S 

256 

512 

1024 

204S 


Isotonic sodium chloride 

tr 

4' 4- 4- 

+ + -{-f 

j-F-F-F-f 

-F+-F-F 

-F -F-F-F 

4“ 4- 4* 

-F.-F 

-F 

tr 

0 


Rhj 

Albumin (20 per cent) i 

Solid 

Solid 

Solid 

SoHd 

Solid 

Solid 

-F-F-F-f 

-F-f-F-F 

-F-F-F 

+++ 

-F-F 

-F-F 

Rhi 

Isotonic sodium chloride 

+-1-++ 



-F-F-F 

-F-F-F 

-F -F-F-F 

-F-F 

-F-F ■ 

4* 

tr 

0 


Albumin (20 per cent) 

Solid 

Solid 

Solid 

4“ 4- 4" 4- 

-F -F-F-F 

-F -F-F-F 

4- 4* 4- 4- 

-F-F-F 

-F-F-F 

-F-F 


0 


Isotonicsodium chloride 

-h+d-h 

4"4-4"4-i 

-i-+-i-f 

-F-F-F + 

-F-F-F 

-F-F 

-F 


tr 

0 



Rh' 

Albumin (20 per cent) 

Solid 



-F -F-F-F 

-F-F-F 

-F-F-F 

-F-F 

4‘4- 

1 

-F 

tr 

1 ^ 



‘The method used is described in a footnote to Table III. The term "solid” means "one large clump." The 
symbol "tr" means "trace agglutination.” 


2, which was very high in “blocking” antibodies 
by earlier tests, occurred only in the highest al- 
bumin concentration (15 per cent) and in the 
albumin-serum mixture.” Albumin and serum 
enabled tlie antibodies to react to a degree de- 
pendent upon the nature and concentration of the 
proteins in these media.^® The total strength of 
antibody present and the relative amount of 
“blocking” antibodies no doubt also affected the 
final result with any particular preparation. 

The reactions of an anti-Rh globulin verj’ low 
in “blocking” antibodies will next be considered. 
Preparation 16 was made from serums containing 
for the most part “agglutinating” antibodies. Its 
titers against Rhj, Rlu, and Rh' cells in sodium 
chloride systems with and without albumin were 
measured, and in addition “blocking” tests were 
performed.” The results are presented in Tables 
V and VI. It may be seen that agglutination with 
each of the 3 cell tj^cs was intensified in the 
albumin medium as compared with the sodium 
chloride medium. A definite prozonc appeared in 
the lower dilutions of the series in sodium chloride 
against Rh, cells. This we have attributed to the 
presence of a small amount of "blocking" anti- 
body, which decreased the agglutination in these 
dilutions. This explanation appears to l>e con- 
finned by the related "blocking test" against the 

Rrutcsiir pcc’.irrcd in t!;;> jnixlirrr. }>••? r.'i 


same Rh, cells in Table VI, since the standard 
anti-Rho “agglutinating” serum was unable to 
produce its maximum effect at the lowest dilution 
of globulin. The series in sodium chloride against 
Rhj cells also showed a prozone, partly masked 
by agglutination due to anti-Rh' antibodies. This 
slight prozone was not reflected in the “blocking” 
test (Table VI), The Rh' series showed no 
“blocking” antibod}' by either test, yet its reactions 
were strengthened in albumin. Thus, when 
“blocking” antibodies were absent or present only 
in low concentration, albumin has also proven 
beneficial.” 


TABLE VI 

"Blocking tests" using the cells and anti-Rh globulin 
of Table I' 


Tj-pc 
cf cell* 

Standard 

nnsluti* 

natinj: 

fcrum 

Anti-Rh dtl :tnn rrri-'S 

1 

2 

4 


Uh: 

Rh, 

Rh' 

Anti-Rhs 

,-\nli-Rha 

.'\nti-Rh' 

4-4-4- * 
-iJ X -u' 4 - 
X X 4- X 

XX 4 .x 

4* 4- 4~ 4* 

X X X X 
4 . X X X 

xxxx 
XX 4 .X 
4 - 4 . .i, X 


• Definitely u-c.ilicr th.m fuccct-dir,;; <!iliiiien». 


No significant difference Ii.t^ l/ecn found in the 
liter endpoint of unfractiouated, "agglutina'.ir.g" 
.<;cnnns whether or not alhiirn-n was prc'cnt ( 6 ). 
Th.c anti-Rh globulin in Table likcwi-e rb.ov.fd 
nnlv a .clicht di.ffc.'cncc in t 


re< ' 
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the titer in albumin was significantly higher than 
in sodium chloride alone. 

Stability 

High stability is important to the usefulness of 
blood typing and grouping reagents. Low mois- 
ture content (less than 1 per cent) and evacua- 
tion have been of aid in maintaining the potency 
both of anti-Rh and of anti-A and anti-B isoag- 
glutinins. Nevertheless, additional means of as- 
suring stability are desirable. Scrum albumin 
has proved highly satisfactor}' for this purpose 
when used with anti-Rh globulin. 

Experiments have been performed in which 
anti-Rh globulin samples were dried from the 
frozen state in isotonic sodium chloride with and 
without albumin. These samples were then 
heated as dry products at 50° C. for varying per- 
iods of time, after which they were redissolvcd 
and assayed together with unheated controls. 
Table VII presents the results of 1 such experi- 
ment in which an anti-Rh globulin low in “block- 
ing’' antibodies was used. In the titrations shown, 
the serial dilutions and tlie cell suspensions were 
in sodium chloride. Therefore, the only albumin 
present was that added before drjdng. The titra- 
tion of an anti-Rh sample, dried with or without 
albumin and then heated, may be directly com- 
pared with its unheated control. The anti-Rh 
globulin, dried with, albumin and heated for 8 


days, showed little or no loss in titer against any 
of the 3 Rh positive cell types used. In contrast, 
liters of samples dried with sodium chloride alone, 
dropped so sharply after heating as to render the 
materials untrustworthy as typing reagents. Tlicir 
avidities as observed on the slide were also greatly 
reduced, and the solutions themselves were more 
cloudy than before heating. The .samples dried 
with albumin, on the other hand, showed no loss in 
avidity and yielded clear solutions. An anti-R!i 
globulin high in “blocking" antibodies has shown 
equal stability by appropriate tests, i.c., its agglu- 
tinating properties as measured in an albumin 
system were maintained. A 42-day heat stability 
trial at 50° C. was made with an anti-Rh prepara- 
tion dried with albumin as above. After this 
heating period, there was still no loss in titer or 
avidity against Rlij test cells. Other samples in 
albumin, with 0.1 gram per cent of carboxylmcth- 
oxylamine hcmihydrochloridc added as a prcscr\'a- 
tivc,'® were allowed to stand in solution at room 
temperature for periods as long as 30 days. At the 
end of this time, the samples showed some loss in 

10 We arc indebted to Dr. C. B. Favour of tlic Peter 
Bent Brigham Hospital for experiments whiclj show tliat 
this antibiotic prevents the multiplication of common bac- 
terial contaminants, unless tliesc arc present in very large 
numbers. These experiments were carried out under his 
contract, recommended by the Committee on Medical Re- 
search, behveen the Office of Scientific Research and 
Development and Harv'ard University. 


TABLE VII 

The stabiUty at 50° C. of a dried anti-Rh globulin fraction, with and without albumin* 


Dilution series of rcdissolved anti-Rh globulin 


drying 

dry at 
50° C. 

of cells 

! 

1 

2 

i 

8 

16 

32 

64 

128 

2S6 

512 

Isotonic sodium chloride 

0 

Rhi 

+ + + + 

+ + + +I 

+ 'H — h 

+ + + 

+ + + 

tr 1 

1 


0 



8 

+ + + 

+ + + 

++ 

tr 

0 

0 

SI 


BI 


Albumin (15 jier cent) 

0 

Solid 

Solid 

Solid i 

Solid 

+ + + + 

+++ 

++ 

+ 

tr 

0 

8 

Soiid 

Solid 

Soiid 

+ + + + 

+ + + + 

+++ 

++ 

+ 

tr 

0 

Isotonic sodium chloride 

0 

1 

Rhs ! 

Solid 

++++: 

-l-+++j 

++ + 

+ + 

+ 

tr 

0 

0 


8 

+ + 

+ + + 

+ + 

++ 

tr 

tr 

0 

0 



Albumin (IS per cent) 

0 

Solid 

Solid 

Solid 

Solid 

+ + + + 

-f- + + 

+ + 

+ 

0 


.8 

Solid 

Solid 

+ +++ 

+ +++ 

+ + + 

+ + + 


tr 

0 


Isotonic sodium chloride 

0 

Rh' 


+ + + 

-h 

tr 

0 

0 

■■ 

Bi 

1 


8 

+ + 

0 

0 

0 



Si 

Si 



Albumin (IS per cent) 

0 

Solid 1 


+ -i- + +i 

++ + + 

+ + + 

+ + 

tr 

0 


i 

8 

Soiid 

1 

Solid 



+ + 

tr 

0 

0 

i 

i 


iiic LiLictuuii ineuiuu is uesixiueu iii 
symbol *‘tr” means "trace agglutination.” 
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both titer and avidity but were still useful typing 
reagents as measured with Rh^ cells. 

Variables affecting avidity on the slide 

Among the factors which influence anti-Rh 
agglutination reactions in vitro, cell concentration, 
antibody concentration, and the nature of the re- 
action medium are of particular importance. In 
order to devise a slide typing test of maximum 
usefulness, the optimum relationships of these 3 
variables were determined. The avidity studies 
with plasma fractions, discussed earlier in this 
paper, w'ere concerned with the reaction medium. 
A further series of experiments has been per- 
formed to determine how avidity on the slide 
varies with varying cell, antibody, and albumin 
concentrations. Twice-washed Rh, cells and anti- 
Rh globulin were prepared separately in solutions 
of bovine albumin, isotonic with sodium chloride. 
A series of cell and globulin concentrations was 
used. An anti-Rh preparation high in “blocking” 
antibodies was chosen in order that any complica- 
tions due to such material might be taken into 
account in arriving at a practical slide test method. 


TABLE vni 

The effects of cell, antibody, and albumin concentrations on 
anti-Rh avidity on the slide 


Antibody 

eolution 

Rhj cell 
suspension 

Slide affslu- 
tinalioa times 

Sat 

of 

final 

dumps* 

Anti-Rh 

Klobuiin 

conern* 

tration 

Albumin 

diluent 

concen- 

tration 

on 

concen- 

tration 

Albumin 

concen- 

tration 

First 

'visible 

Com- 

plete 


6 

cer 

20 

:l 

50 

25 

10 

2 

20 

Jf/TO 

13 

18 

•50 

>300 

rJs 

SO 

75 

240 

1 

AV 




SO 


13 

55 

h 


3 

20 

25 

20 

24 

i 130 

<md 

r; 

Cu 



10 


60 

>500 

<sni 




SO ‘ 


20 

no 

<lz 


).S 

20 

25 

20 

•50 

180 

>tra 


i 


10 


Wi 

>300 

<rm 


t.5 

20 

50 in pU<ma 

20 

\ <RI 

>k 



20 


20 

20 

100 

1,T 


% 

to 


10 

.45 

180 

<lr 

k. 

K 


5 


5 

45 

210 

>wi 



0 


0 

50 

.400 

>»m 


* Symt-oN; "ly •• liric; "rad'' •* jr.'-dlum; "sva" •» 


The tests ivere performed as described earlier m 
this paper. The results are reported in Table VIII. 

The speeds of agglutination and the sizes of 
clumps in Part I of this table may be directly 
compared wdth one another, since the tests were 
all performed within a period of a few hours. 
The times shown in Part II are relatively slower, 
having been observed with cells 24 hours old, but 
are likewise comparable among themselves. It 
may be seen that lowering tlie concentration of 
any one of the 3 variables decreased both speed 
of agglutination and size of clumps. The system 
was particularly sensitive to cell concentration; 
that is, 25 per cent cell suspensions gave much 
poorer results than 50 per cent, and 10 per cent 
suspensions were extremely poor, even though a 
high concentration of albumin was present. Re- 
ducing the concentration of the anti-Rh globulin 
was less critical. A system witli 50 per cent cells 
and 20 per cent albumin showed vciy good agglu- 
tination (20", 110", < Ig) even when the anti- 
Rh globulin was as low as 1.5 per cent, which is 
only one-fourth of the maximum concentration 
tested.*® For a comparison of reaction mediums, a 
50 per cent cell suspension in whole plasma was 
tested. The reaction of this suspension was faster 
and showed larger clumps than the comparable 
50 per cent suspension in albumin when tlic same 
antibody concentration was used with both. The 
effects of reducing the albumin concentration, 
using a constant 50 per cent cell suspension, are 
shown in Part II of Table VIII. Eadi reduction 
resulted in a poorer reaction upon the slide. 

The high sensitivity of “blocking” antibodies to 
cell concentration on the slide is in agreement 
with other findings (9). In those experiments, 
however, diluted cell susjxinsions were made by 
adding isotonic sodium chloride to a plasma me- 
dium. In Table I of the present paper co.mpnri- 
sons of slide agglutination with 50 per cent and 
25 per cent cell concentrations, each in .an itn.diUr.cd 
plasma, medium, were presented. In t’ni'^ med.ium, 
against lioth “blocking’' and “r.ggiutinatin.g" anti- 
scrums, there was no si.mtificar:: dintrener in the 
Ivcliarior t>f th.c 2 cell con.rc.ntrr.ti-'-n"^. 


*• Th? ct’' j.r-i ;vr.ts*: h yl ^ * 

to I'? f f ; r' '.''in' c 'r' .*-'** I'r: 
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may be a limiting factor, particularly in the pres- 
ence of “blocking” antibodies. With whole plasma 
as the reaction medium, high cell concentration is 
not as essential as it is with an albumin medium. 
On the other hand, high antibody concentration 
can at least partly offset the effects of lower cell 
or albumin levels. By specifying a dO to SO per 
cent cell suspension in plasma or in 20 per cent 
albumin, definite economy may be achieved as 
regards the concentration of anti-Rh globulin 
necessary to provide a fast, accurate reaction on 
the slide. 

DISCUSSION 

The usefulness of man}' anti-Rh serums as typ- 
ing reagents has been sharply limited by interfer- 
ing phenomena which have been attributed to 
“blocking” antibodies. Agglutination often fails 
to occur with such materials when the usual iso- 
tonic sodium chloride medium is used for testing. 
The fractionated and concentrated anti-Rh typing 
globulins often behave in a similar manner when 
they contain “blocking” antibodies. 

Cell agglutination takes place in vitro, however, 
in the presence of “blocking” antibodies if the 
medium of reaction is plasma. Plasma is par- 
ticularly useful as a suspension med,ium when the 
unknown cells are to be typed by the slide method. 
Since high cell concentrations are desirable, the 
samples may be taken and used as whole blood; 
or cells from clotted blood samples may be re- 
covered, in concentrated suspension, in their own 
serum. As a routine diluent for Rh typing by 
the test tube method, which requires dilute cell 
suspensions and may include titrations, plasma is 
less satisfactory. Except when obtained from 
bloods of group AB, any stock plasma to be used 
with a variety of cell samples must be completely 
neutralized for the anti-A and anti-B isoaggluti- 
nins. Plasma is not highly stable when stored as 
a liquid, and often causes rouleau formation which 
confuses microscopic readings. 

The value of serum albumin in making “block- 
ing” antibody products useful as typing reagents, 
and in stabilizing anti-Rh globulin fractions, has 
been demonstrated by the experiments reported. 
Much plasma, or serum, formerly considered use- 
less because of the presence of “blocking” anti- 
bodies, may now be fractionated and the products 
used in conjunction with albumin. Since a high 


coiiccnlralion of albumin is required with such 
preparations, it is useful to supjdy this material 
both as a constituent of the dried anti-Rh reagent 
and as an auxilliary diluent. Typing tests by the 
.slide and the test tube methods can then usually 
be performed with the same anti-Rh globulin 
.solution. 

The properties which enable plasma and its 
components to bring about agglutination in the 
presence of “blocking” antibodies arc of interest.-’ 
Since a much higher concentration of scrum al- 
bumin than of whole plasma is ncccssar}’ to obtain 
comparable results, it must be concluded that fac- 
tors other than albumin arc effective in whole 
plasma. Several plasma fractions improved the 
avidity of anti-Rh globulin to a greater extent 
than did albumin, even when the antibodies pres- 
ent were largely of the “agglutinating” variety. 
Other preliminary experiments hav'e indicated that 
these fractions arc also cfTcctiv’c as reaction media 
with “blocking” antibodies. Since the principal 
protein components of the various fractions differ 
widely from one another, no single specific pro- 
tein would seem to be required. 

The relationship between specific and non-spe- 
cific effects of proteins upon red cell agglutination 
may be significant. Plasma fractions which 
caused non-specific clumping at high concentra- 
tions were usually among those which most 
improved specific agglutination at lower concen- 
trations. An investigation of the effects of 
“blocking” antibodies and of various proteins on 
the electrical potentials of Rh positive and Rh 
negative red cells would be of interest. It has 
been reported (15) that changes in potential ac- 
company isoagglutination. 

Note added in proof : In a paper just published (Nature, 
1945, 156, p. 233) Coombs and Race have shown that 
changes in the mobility of red cells in an electric field 
occur after treatment with either “blocking” or “agglu- 
tinating” antibodies. 

Fractionation has not been found to alter the 
properties of “blocking” antibodies. Plasma pools 
high in these substances yield anti-Rh globulin 
fractions of the same nature. This may be in- 
terpreted as evidence that the “blocking” anti- 
bodies are real entities and not merely the effects 

An explanation for the effect has recently been sug- 
gested (10). 
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of the original plasma environment. Since, under 
certain conditions, strong agglutination occurs in 
the presence of these antibodies, it is important to 
determine whether this reaction involves the 
“blocking” antibodies or is caused by “agglutinat- 
ing” antibodies, present in the mixture but not 
always manifest. 

SUMMARY 

1. The presence of “blocking” antibodies here- 
tofore has seriously limited the usefulness of many 
anti-Rh serums and globulin fractions as typing 
reagents for the detection of the Rii factor in red 
cells. 

2. Plasma as a reaction medium is known to 
enable agglutination to occur hi vitro with these 
materials. 

3. Several different fractions of plasma have 
been found to improve the avidity of anti-Rh 
globulin preparations. 

4. Serum albumin in high concentrations en- 
ables agglutination to occur with anti-Rh globulin 
fractions high in “blocking” antibodies and stabi- 
lizes anti-Rh globulin in general. Albumin as a 
reaction medium possesses certain technical ad- 
vantages over plasma. 

5. The influence of cr)'throc 3 'tc, antibody, and 
albumin concentrations on anti-Rh avidity on the 
slide has been studied. 

6. Practical applications of the experiments arc 
discussed, and the significance of certain obser\-a- 
tions is considered. 

\Vc want especially to lli.ank Dr. E, J. Cohn, Dr. J. L. 
Oncicy, .md Mr, M. of the Department of Physi- 

cal Chemistry. Harvard Medical School, for .vucRcstions 
and criticism, and Dr. R. L. Denton of ^fontrcif, Canada, 
for assistance witii certain experiments rcporictl here. 
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Much of the disabilit}’’ induced by chronic Bright’s 
disease, particularly during the nephrotic stage, is 
attributable to thte coexistent disturbances in pro- 
tein metabolism. The latter may be characterized 
as follows : 1 , proteinuria ; 2 , h)'poalbumincmia ; 
and 3 , depletion of tissue protein stores. During 
the past few years, numerous attempts have been 
made to correct the hypoalbuminemia, depletion 
of. body protein stores, and attendant edema in 
patients with nephrotic syndromes by administer- 
ing human plasma intravenously (1, 2, 3). This 
form of therapy obviously had as its objectives 
the use of protein solution as a diuretic agent by 
virtue of its high colloid osmotic pressure, the 
restoration of serum albumin level, and the re- 
plenishment of body protein stores. The last two 
objectives were rarely, if ever, attained because 
of the limited quantity and high cost of human 

1 The albumin used in this work has been prepared 
under contract, recommended by the Committee on Medi- 
cal Research, between the Office of Scientific Research 
and Development and Harvard University. 

2 This is paper No. 41 in the series, “Studies on Plasma 
Proteins” from Harvard Medical School, Boston, Massa- 
chusetts, on products developed by the Department of 
Physical Chemistry from blood collected by the American 
Red Cross. 

® This article has been released for publication by the 
Division of Publications of the Bureau of Medicine and 
Surgery of the United States Navy. The opinions or 
assertions contained herein are the private ones of the 
writers and are not to be construed as o'fficial or reflecting 
views of the Navy Department or the Naval Service at 
large. 

* Welch Fellow in Internal Medicine of the National 
Research Council. 

" Lieutenant Commander, Medical Corps, United States 
Naval Reserve. 

“Lieutenant (junior grade), Medical Corps, United 
States Naval Reserve. 


plasma solutions. Tlic former objective was fre- 
quently not accomplisliecl, even with concentrated 
solutions of human plasma, possibly, as has been 
suggested (1), because of the relatively high con- 
tent of sodium chloride in these preparations. 

Recently it has been shown (4) that a single 
dose of 25 grams of concentrated high-salt human 
serum albumin proved inadequate to induce any 
prolonged changes in serum protein level or clin- 
ical condition although small but consistent in- 
creases in urine volume were observ'ed in all 
three nephrotic patients following therapy. In an- 
other study (5) the administration of considerably 
larger amounts over longer periods led to incon- 
stant results. As in the case of plasma, the salt 
content of the albumin used in these studies was 
relatively high, as considerations of stability under 
field conditions for which the concentrated normal 
human serum albumin was designed led to the 
adoption of a concentration of 0.3 M. sodium 
chloride (6). 

Recently there has been developed a series of 
preparations of normal human serum albumin 
whose stability characteristics are even better than 
those of the high-salt albumin, but whose salt con- 
tent is extremely low (7). In the following table 
is presented a comparison of the amount of sodium 
(expressed as sodium chloride) contained in the 
protein dosage sufficient to hold 1 liter of plasma 
water in the blood stream in the normal range 
of plasma colloid osmotic pressure. 

Citrated plasma High-salt albumin Salt-poor albumin 

11.7 gm. 4.8 gm. 1.6 gm. 

Though limitation of these preparations has 
made direct comparison impossible in the studies 
reported here, we have attempted to answer the 
following questions: 
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1. Is salt-poor concentrated human albumin a 
safe and effective diuretic agent in edema of renal 
origin? 

2. What is the optimum dose and method of 
administration ? 

3. What effect does the administration of salt- 
poor concentrated human albumin have on the 
serum protein level of patients with chronic 
nephritis ? 

4. What effect does the intravenous administra- 
tion of a concentrated albumin solution have on 
nitrogen balance in the presence of adequate diet- 
ary protein ? 

METHODS 

The salt-poor albumin used in these investigations was 
prepared in the form of a 25 per cent solution without 
preservative by the Plasma Fractionation Laboratory of 
the Department of Physical Chemistry.^ The physical 
chemical characteriaation of normal human albumin has 
been presented in previous papers of this scries (8 to 11). 
The albumin was diluted with sterile dextrose solution 
so tliat the resulting fluid contained 10 per cent albumin 
and 6 per cent dextrose.® 

During these studies, patients were restricted to bed 
rest and were maintained on a constant regimen.® Eaclj 
patient received a diet of constant composition containing 
at least 1 gram of protein per kilogram of body weight 
per day and adequate in carbohydrate and fat to meet 
caloric requirements. The diet was salt-poor in all cases 
except that of K. N. who received a "restricted salt" 
diet.’® The daily fluid intake of each patient was also 
maintained at a constant level. On those days when albu- 
min solution was administered, an equivalent volume of 
fluid was subtracted from the patient's drinking watcr.’i 

^ We arc indebted to Dr. L. E.. Strong and the Staff of 
the Plasma Fractionation Laboratory for the carrj-ing out 
of the preparation, and to Dr. Geoffrey Edsall and the 
Staff of the Antitoxin and Vaccine laboratory of the 
Massachusetts Dep.artmcnt of Public Health for control 
of sterility and safety. 

* Pyrogen reactions were observed rarely ; in one in- 
stance this w.is traced to the albumin itself, in the other 
to the dextrose solution used in diluting. 

*\Vc .arc indebted to Dr. Thomas J. Kennedy for his 
.lid in the supervision of this regimen and of many of the 
f-xperiment'. 

TIic salt-poor diet on the Mctal'olism Service of the 
Peter Bent Briglam Ho?pit.al contains J to 2 gram.s of 
s.alt per day; the •'rcstrictes! s-dt" diet contains 5 to 6 
grams of salt per d.iy. 

” In the initn! studies the pulse, re'riratien, 
pressuTv. and scn.’us prcisutc .-.f the pati-nt' sh -ie-i 
little vari-sti n; t’-.-se e.'’srrv5t!i--.< -.Ncte liter d-ec-nti-.u'-i. 
In c.-.*e rnly. tluit cf 51. th- i-t:avrn~ut admin- 

isttatiin if allutniu Ci-.:-,- a si.-nf.re-; r:*e in ll.v>l 
prs-'.'vet 


All blood samples were drawn in the morning while 
the patients were fasting. The urine of each patient was 
collected quantitatively, pooled in 12- or 24-hourly 
amounts, and preserved with toluol and refrigeration. 
Stool specimens were collected for 3- or S-day periods 
and were dried at once on a steam-bath. In calculating 
nitrogen balance, a value of IS per cent of nitrogen in- 
take was used for the value of nitrogen excretion in the 
stool in all instances since stool analyses on several occa- 
sions indicated that the fecal nitrogen excretion in these 
patients did not exceed this ■value. 

Blood sera were analyzed for total nitrogen by micro- 
Kjcldah! digestion followed by direct Nesslcrization. 
Nonprotem nitrogen of blood and urine was determined 
by Nesslcrization following micro-Kjcldahl digestion of 
a trichloracetic acid filtrate.*® Serum albumin and globu- 
lin were determined chemically by the method of Howe 
(13) using the arbitrary nitrogen factor 6.25, urea nitro- 
gen by- a modification of the method of Karr (14), and 
cholesterol was estimated colorimctrically by direct ap- 
plication of the Liebcrmann-Burchard (IS) reaction on 
an alcohol-ether extract without hydrolysis of esters. 

In electrophoretic analyses carried out in the appa- 
ratus of Tiselius (16), the long cell described by Longs- 
worth (17) was used. Schlicrcn diagrams were obtained 
by the cylindrical lens method (18). Sodium diethyl bar- 
biturate buffer at pH 8.6 and ionic strength 0.1 permitted, 
in most cases, adequate separation of albumin from alpha-1 
globulin when the run was carried out at a field strcngtli 
of approximately 5 volts per centimeter for 2 or 3 hours 
at 2° to 4° C. 

Because of the abnormally large amount of lipoids 
bound to the non-dialyzabic protein nitrogen and migrat- 
ing principally with the beta (19, 20) and alpha globulins, 
the application of electrophoretic distribution of compo- 

*® Beckman and associates (12) have reported consldtr- 
•nblc amounts of a tricliloracctic acid soluble protein in the 
urine of patients exhibiting proteinuria of etiology u.n- 
spccificd. In electrophoretic mobility at pH 8.6 this pro- 
tein appeared intermediate between aIph.i-1 and a!ph,a-2 
globulins. In that l>oth blood and urine of patients with 
chronic Bright’s disease contain abnormally high amounts 
of protein of similar electrophoretic d',.aracterist!Cf., it is 
possible that the use of trichloracetic add .ns a 
introduces a systematic error in renpretcin nitrogen and, 
thus, by difference, in protein nitrogen deffr!r.inat!''ns. 

Tlic fact that the error is small in the instance cl serum, 
protein salues is indicated by N.P.N'. valu— . v.ithin rrrmal 
range in tlierc cxperim.ents, V.’h-reas in the caie of urine 
the error in partition letne-n p-retein rnd 
nitrogen m.ay !»e larger, it uil! n. zfiect dti-.-e the cneral! 
nitrogen lalznre sf-rdiee r:r, inle— !. t! - data o‘ta.'" J o-i 
chae.gi-s in j retein exertti-n i Th-v.-rg al'-rfe'-n id— t-i-. 
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ncnts to total protein nifroRcn fifjiircs in order to dctcr- 
inine the plasma concentration of a given component is 
frcquentlj' subject to extraordinary error.*'* Likewise, 
difficulty in extracting dye T-I825 from highly lipcmic 
sera rendered grossly inaccurate several atlcm])ts at blood 
volume determinations.*'* Therefore, in the studies here 
reported, no attempt has been made to calculate from 
electrophoretic schliercn distriinition, protein nitrogen, and 

*■* This error, far greater than that encountered in nor- 
mal plasma (21), applies to a much less degree in the 
instance of nephrotic urine owing to the rather small 
amount of lipoid bearing protein which passes through the 
kidney. In the following table arc presented the refractive 
index increments per gram of nondialyzablc plasma, and 
urinarj' protein nitrogen of patient J. G., during a control 
period and following the injection of albumin. The plasma 

Refractive Uncorrcctcd Corrected 


index nibiimln nlbiimin 

incrcmenl content content * 

per £ram protein A' per cent per cent 

Plasma 

Control period 2.07 X 10"* 9 17 

Following intra- 
venous albumin 1.63 X 10"* 32 45 

Urine 

Control period 1.20 X 10~* 64 66 

Following intra- 
venous albumin 1.17 X 10"* 88 89 


* The refractive index increment per gram of normal 
human serum albumin nitrogen has been found in this 
laboratory to be approximately 1.16 X 10~*. The refrac- 
tive index correction is based on this value although the 
actual value of nephrotic serum albumin may be somewhat 
higher owing to migration of some lipoid with it. The 
correction for the effect of protein concentration andj'onic 
strength on apparent albumin concentration, which is less 
in amount and opposite in sign, has been neglected in this 
table. 

albumin content corrected on the basis of the refractive 
index increment differs markedly from the uncorrcctcd 
value obtained directly from the schliercn diagram, the 
urinary albumin but slightly. The magnitude of correc- 
tion will vary with the degree of Hpemia. The careful 
addition experiments of Luetscher (4) demonstrated that 
in his studies such errors were negligible. 

'*'*>We are indebted to Dr. John G. Gibson, 2nd, for 
both carrying out and providing the following critical 
comment on the determination of the plasma volume of 
certain of the patients by the Evans blue technique. 

“The turbidity of these patients’ sera is such as to cause 
a great deal of deflection of incident light in the absorp- 
tion cup. Even when each individual dyed plasma sample 
is read at a wave length of 620 against dye-free plasma, 
the results obtained do not reflect the light absorption due 
to the presence of dye alone. Extraction with tri-ethyl- 
phosphate, which is ordinarily adequate in dealing with 
moderate Hpemia, failed in the cases of these milky plas- 
mas. No method of dye extraction is to my knowledge 
available which will overcome this difficulty.” 

The practice of Longsworth and co-workers (19) of 
brief centrifugation at 30,000 RPM was not attempted. 


pla.sftn volume the total circul.ating amount of any given 
component. 'J’lic electrophoretic distriinition.'; have in the 
main bem used ns a check on the direction of change of 
scrum albumin as shown by the IIowc (1.3) method and 
to indicate any gros.s shift.s in individu.il glofmlin compo- 
nents ns a result of therapy. Although approximations 
in change of pla.sma v(>lumc have occa.sionally been calcu- 
lated from hematocrit changes, the limitations of thk. 
method arc clearly rccognircd, particularly the error intro- 
duced by change in red cell volume during albumin 
infusion. 

With the vArintion-s in the clinical course and 
phyt^iologic factor.s known to occur in chronic 
Bright’s (li.sca.se, it is apparent that a therapeutic 
agent which might he helpful at one stage of the 
disease might he of no help at another time or 
might even be contraindicated. Thus, it is essen- 
tial to study the same patients in various stages 
of the disease throughout their long course of ill- 
ness, or else one must include in the group of 
cases under observation representatives of the 
several stages of the disease. Fully aware of the 
changes in the clinical course and inconstancy of- 
efTcctivcncss of therapeutic agents, we have studied 
a small group of patients with chronic nephritis 
in which certain of the classical stages are rep- 
resented. Detailed clinical summaries arc recorded 
at the end of the paper. 

Distributions of components in the electrophor- 
etic schliercn diagrams of the plasmas of these 
untreated patients arc presented in Table I and 
illustrated together with certain clinical data in 
Figure 1. It is of interest to correlate the range 
of these distributions with the clinical stages. 
At one extreme is patient J. G., whose massive 
edema, severe hj’poproteinemia, albuminuria, and 
extreme hypercholesterinemia constituted the ne- 
phrotic picture in its most severe form. The 
schliercn diagram at the top of Figure 1 likewise 
shows striking deviations from the normal that 
have been often noted in nephrosis (4, 19, 20). 
Albumin constitutes less than 10 per cent of tlie 
diagram in contrast to a normal value of 55 per 
cent. Likewise, the gamma globulins comprise 
less than half their normal area. The principal 
components are alpha-2 globulins and beta globu- 
lins, of which alpha-2 are present in excess of 
beta. The fibrinogen is elevated. 

Patients L. I., W. H., D. S., and K. N., who 
clinically present the nephrotic picture in pro- 
gressively less marked degree, show in the elec- 
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TABLE I 

Dislrihutions of components in ekcirophorelic schlieren diagrams* of plasma proteins of patients 

before albumin administration 


Patient 

Albuminj 

GtobuJ/ns 

Globulins 

0 Globulins 

Fibrinogen 

y Globulins 




f>fr cent 



J. G. 

L. 1. 

7 

4 

42 

28 

16 

3 

17 

5 

36 

22 

16 

4 

W. H. 

D.S. 

17 

26 

5 

8 

21 

22 


15 

9 

4 

5 

K. N. 

37 


IS 

22 

12 

8 

E. B. 

46 


34»* 

13 

3 

R. S. 

32 


20 

23 

(clotted) 

20 

Normal pooled human plasma 

55 

5 

9 

13 

/ 

11 


* Sodium diethylbarbiturate buffer, pH 8.6. 
** Not resolved- 


trophoretic diagrams a progressively greater con- 
tribution of albumin to the total area and a trend 
toward the restoration of the normal beta-alpha-2 
ratio wherein the beta peak is predominant. 

At the other extreme of the group is patient 
R. S. He alone presents a gamma globulin which, 
in contrast to the subnormal value in the otlier 
patients, comprises almost twice the normal con- 
tribution of this component to the total picture. 
In this respect, the electrophoretic diagram re- 
sembles that of acute rheumatic fever (22, 23), of 
disseminated lupus, (23, 24) and of periarteritis 
nodosa (23). 

In view of the fact that in these latter diseases 
an immunological component in the mechanism 
has long been suspected, that in certain forms of 
experimental nephritis such a component has been 
demonstrated (25), and also in view of the fact 
that the gamma globulin fraction in nonnal human 
plasma contains the majority of tlic antibodies 
(26), it is of particular interest that this patient 
alone gave evidence oi recent acute exacerbation 
of his renal disease in the fonn of considerable 
oliguria and hematuria.’* 

In Figure 2 arc prc,«cntcd electrophoretic 
schlieren di.agrams with the pl.asma of patient J. 
G. before and .after a remission in her disc.asc. It 
will be noted that b.cr plasnia protein components 
aj'pear to progress throtigh the s.anic ch.artgcs as 
are illn.'^tratcd ist j>assi)!g from severe to mild ne- 

Icvtl <:\ A rro'.ip 5 V. 'wr-J '■rm,':! 

ior U- S. ic ir»t; **.rr>::rr’y ccn'it- 

trn'.iv i!?! 


phrosis in the group of patients detailed in Table 
I and Figure 1. 

OBSERVATIONS 

1. Dosage and method of adviiuistration 

In the treatment of shock in war casualties, for 
which concentrated serum albumin was originally 
developed, rapid injection was desirable to effect 
an immediate increase in plasma volume. In 
patients with chronic nephritis and edema, how- 
ever, it was obvious that a slower rate of injection 
might be required if circulator)’ failure were to 
be avoided. In exploratoiy experiments the in- 
travenous administration of 10 grams of salt-poor 
albumin per hour occasioned small rises in pul.^c 
rate, blood pressure, and venous pressure. Thi.s 
rate appeared well within limits of safety for 
initial injection in all patients studied. Faster 
administration proved uneconomical owing to in- 
creased urinaiy protein loss in patients with 
marked proteinuria. 

In order to facilitate the slow intravenous ad- 
mini.stration of such a small quantity of protein 
solution, the cnnccntratct! (25 per cent) so’utif,n 
of human albumin w.as added to 10 fver cf.nt 


dextrose solution in s' 

itch proportions tr.at 

5C«3 

ml. of final solution cent 

ained 50 gr.arns of a!’.".: 


(10 per cent) and 30 

grTim-'. f.;' gln.-o.c (6 

I 

cent). Ti’.is r.dnnr. 

i'-trre i .at .a rr.t- r f |(») 


per I’.r.-nr. ” Contr. 1 


g 6 

]<-r cent dextr.- --c v.itl.r 

• *» »■ *1 -tv.r 




















NORMAL POOLCO 

►hwan plasma 
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BU/ 


PATIENT J.G. 


FEBRUARY 1944 


AUGUST 1944 


PLASMA 




In 1 patient, R. S.. with moderate hypertension, 
azotemia, and no cdctv.n, the administration of SO 
prams of allnimin at 10 grams per hour on 3 suc- 
cessive days rcstihed in a rise in serum alliurnin 
level from 2.5 grams to 3.5 grams per lO'O ml. 
This change was associated with a gain in Isody 

jn arranf'c infu'iom vbm ib.fy wv-.:';:! jn'.rrffrc 

wi'.h mrat*. It fone. t j-rr.ct!cal f\\t tV.c y_'it;rr.t 

an rar’y Inntli at 11 a'l an: a;-.'! t!nn i-t fivr !?:- at! ;:rr.;n 
fo'::: 1 .Oa pr.:. In 6 0) pm. aft'r v. ! dbrn'r v.;« 
.•fftmt It \va' a:! » l p:\r tl:- ctr-:'".- m-al 


weight, no appreciable diuresis, and a definite 
increase in blood pressure accompanied by head- 
ache, slight nausea, and some cardiac enlargement 
by x-ray, v.hich receded in th.c nc.xt 5 tl.ay.s, Fur- 
ther treatment was deemed inndvi.'.able. 

2. Prcliv.'.r.-.ry ex' rriv.rr/.s 


Studies on tl’.c enect f-', a tinr.e l.arpc d’'^'* 

«T^ I. O. ' i**'c r.r’’^^r*cr' 

arc iilu'tra'.rr’ tr. l':;".;rr I; •' apj aren; *1.-.; 
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associated with, though not preceded by, a rise 
in the rate of excretion of protein, chloride, and 
phosphorus and to a lesser extent of non-protein 
nitrogen. 

Such experiments showed that albumin in quan- 
tities greater than 50 grams daily was not pro- 
portionately more effective as a diuretic agent. 
In adults, quantities of 25 grams or less daily 
could not be depended upon to induce a diuresis 
and a positive nitrogen balance. Hence, with a 
limited supply of albumin available, a standard 
dose of 50 grams daily was adopted. It is pos- 
sible that a quantity of albumin which was in- 
sufficient to induce a diuresis in an edematous 
patient might have been adequate to maintain a 
diuresis once it had been csUblishcd with a larger 
dose. 

3. Diuretic effect of salt-poor concentrated human 
albumin administered intravenously 


increase in urine volutnc of dSO ml. and an average 
loss of body weight of 0.5 kgtn. were observed on 
the day of infusion. Details of these experiments 
arc presented in Table II. Tlie amoimt of diur- 
esis, varying from IdO to f.240 ml., appeared to be 
roughly correlated with the severity of edema. 

In these experiments 500 ml. of fluid were de- 
ducted from the patient’s constant daily water in- 
take on the day of infusion. That 500 ml. of 6 
per cent glucose when infused ov'cr a period of 5 
hours did not ordinarily induce the diuresis when 
substituted for an equivalent quantity of water 
in the diet is indicated by the following experi- 
ment made on the patient whose average increase 
in urine volume on 50 grams of albumin approxi- 
mated 1,000 jnl. 

Urine volume 
Urine voiumc Ri. eIucojc 

Patient control intravenously 

J. G. 910 ml. 875 ml. 


A. A single infusion of 50 grams. In 18 ex- 
periments carried out on 7 patients, an average 


B. Fifty grams daily for 3 days (total 150 
grams). An increase in urine volume occurred 



Fig. 3 
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TABLE II 


EJfccl of a single dose of 50 grams of salt-poor albumin on 
urine volume in chronic nephritis f constant fluid intake 


Patient 

Edema 

Control 

urine 

volume 

Urine volume 
on day of 
treatment 



ml. 

ml. 

J. G. 

4-f 

820 

1720 


4-1- 


1920 


4+ 


1630 


4-1- 


2060 

L.l. 

4+ 

780 

1980 

W. H. 

2+ 

2010 

2620 


2+ 


3130 


2+ 


2630 


l-f 


2300 


1 + 


2790 

D. S. 

2+ 

1600 

1850 


2+ 


2480 


l-h 


1220 


1 + 


1820 

K. N. 

l-h 

1920 

2150 

E. B. 

1 + 

2160 

1850 

R. S. 

0 

2960 

3410 


0 


3100 


during tiie period of albumin administration in 13 
of the 15 experiments carried out on 7 patients. 
During the control 3-day period, the daily urine 
volume ivas 1,750 ml., whereas during the period 
of albumin therapy the average daily volume was 
2,280 ml., yielding an average daily increase of 
530 ml. The average daily weight loss was 0.5 
kgm. per day or a total of 1.5 hgm. for the 3-day 
period. Details of such an c-xperiment on patient 
L. I. arc presented in Figure 4. Thus, die average 


daily change in urine volume and body weight 
during the 3-day experiments iras comparable to 
that obseu'ed during the 1-day experiment. Again 
the amount of diuresis appeared roughly corre- 
lated with severity of edema; the 2 patients who 
failed to have an increase in urine volume were 
R. S., who had no edema clinically, and D. S., 
who had only barely detectable edema at the time 
of this particular experiment. 

C. Fijty grams daily for 10 days (total 500 
grams). Five experiments were carried out on 3 
patients of which 1, J. G., had massive anasarca, 
whereas the other 2, D. S. and W. H., had mini- 
mal edema during this period. In the first pati- 
ent, the striking and continued diuresis with aver- 
age daily weight loss of 0.8 kgm. is illustrated in 
detail in Figure 5. The courses of the latter 2 
patients in whom only slight increases in urine 
volume over the control periods were observed 
are presented in Figures 6 and 7. 

D. Fifty grams daily for 22 days and 30 days 
(total 1,100 and 1,500 grams respectively). More 
prolonged courses of albumin therapy were given 
to 2 patients, J. G. with massive edema, and W. 
H. at a time when edema was barely detectable. 
The contrast between their responses is illustrated 
in Figures 8 and 9. 

Patient W. H. showed no diuresis and lost no 
weight during therapy. However, at the tennina- 
tion of therapy, there occurred a gain of weight 
of approximately 3 kgm. in 10 days. 

Patient J. G., who for months before this ex- 
periment had gained weight inexorably (Figure 


TABLE m 


Summary of effects of salt-poor concentrated human albumin on urine rolume in chronic nephritis" 


• 

1 

Number 

cf 

etprrir’.'rnt* 

1 

Number cf 


Averart 


Do'.'ire of albumin 

Duration ot Ib.rrapy 

CTV>rrirr.er.l? 
vr;ih in* 

utine ' 
VO.'--: me 1 

Urir.*- Vv'2!ur-e in 

r^ual to that rf 

Ufir^ 

%T!ur-^ 

in 

cf 

Ci jr-t- h 

w-’t’ t in 
r' 

50 ftr.inn X 1 <!,iy »» 50 Emm's 

■H 

i 

16 

1750 


- 05 

50 pr.imi X it.iys •• 150 etjitk 


13 

5250 j 

65tO 

i - 1.5 
— ^ 7 

50 EMtTi< X 10 »» 500 Er.ims 


*; 

j 

20roo 1 

50 ymms X 22 ti.iys *■ {cdcmi -F) 

1 lOO yr.im* 

i 

I j 

0 

1 44220 i 

45760 1 

ft 

50 X ''0 d.Tyc. 

15W 

I 

> 

i 2i'/y) 

57X0 



40 

! ^5 

1 

I : 



! i 




' Fivr ir.’L'.n.'r-t in urin 
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'Palienl D.5 10' DAYS ALBUMIN Chranit Komeculo- 
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10), showed an average increase in urinary out- 
put over tliat of her control figure of 1,110 ml. 
for 30 days and lost 0.76 kgm. daily or a total 
of 22.9 kgm. during the experiment. 

A summaiy of tlie obsen»ations in the 40 ex- 
periments is presented in Table III. It is of in- 
terest that the 5 failures to increase urine volume 
during the administration of salt-poor albumin 
occurred cither in patients with no visible edema 
or at most minimal edema. 

E. Mahilcuaucc of xccight loss joUozviv.g al- 
bumin iberapy. In the edematous patients, the 
maintenance of weight loss appeared as a rough 
approximation to be related to 2 factors; first, 
the long-tcnn trend of the patient’s weight cur\-c 
during control periods, and secondly, duration of 
therapy. 

Thus patient J. G. showed the beginning of a 
weight gain with.in 2-i hours after the diuresis of 
3'day albumin administration. After the diuresis 
of 10-day albtituin aumini^tration. her weigh.t re- 


weight remained constant for a control period of 
20 days.^® 

In contrast to patient J. G., patient L. I., also 
edematous, not only maintained his weight loss, 
but continued to diurese at an accelerated rate 
following 3-day albumin administration (Figure 
4). It is of interest that his weight curve for some 
weeks previous to therapy had tended slowly 
downward at tlie rate of 1 to 2 kgm. a week. 
Further study will be needed to determine wheth- 
er, in a patient undergoing slow diuresis under 
routine therapy, relatively' small doses of albumin 
may precipitate acceleration of weight loss. 

4. Effect of salt-poor concentrated human 
albumin on scrum proteins 

The serum protein values here presented were 
obtained by the Howe method occasionally sup- 
plemented by electrophoretic analyses on serum 
taken at 8:00 a.m. following the last albumin 
treatment, i.c. 8 hours after the end of the infusion. 

A. Single injection of 50 grams. Serum pro- 
tein values were followed in 4 patients who re- 
ceived a single injection of 50 grams of albumin. 
On the morning after the injection, there appeared 
to be a slight rise in serum albumin level, a slight 
decrease in serum globulin level, with little change 
in total protein concentration (Table IV). The 
reduction in hematocrit from 33 per cent volume 
packed cells to 29 per cent suggests that the total 
circulating albumin was increased appreciably, and 
that total content of globulin in the circulation was 
neither greatly' increased or decreased and may 
have been merely diluted. These changes were 
very transient, moreover, lasting only 24 to 48 
hours at most. 


At the end of this period, administration of i>cr.icil!in 
and rciDos-al of an abscessed tooth were fcllo-.s-ctl tiy a 
slow spontaneous diuresis. 

Electrophoretic analyses (uncorrcttctl. for refractive 
indices) yielded, as has I'cen observed by 2***Jl''r*J 

{ 2 . 4 , 23), alb'utmn-^tlolcd.in rati-'-s c-^nsistentU* tesver tb.an 
thoie obtained by i!:e Hn-.-.c metimd. WTmre limuhan'- 
ous fneas-.mements J-.,-ive I'een ir-ide f- a!'-:mh a>*. 
tninistratic-n, the direc'i'-n an !. ir.-!erd. t!:e d-rrr- rf 
chance hasT a' a rule acrc-d (,'-:he cl'--e!v !v '-.r 
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B. Three daily injections of albumin (total 150 
grams). In all 7 patients who received a total of 
150 grams of albumin, serum albumin level in- 

TABLE IV 

Changes in serum proteins noted 8 hours after a single 
infusion of 50 grams of salt-poor concentrated 
human albumin {Howe method) 


Patient 

Serum 

albumin 

Serum 

globulin 

Hematocrit 

1 (cell volume)- 

Control 

i 

Treat- 

ment 

Control 

Control 

i 

Treat- 

ment 

J.G. 

grams per 100 ml, 

0.6 0.9 

grams per 100 ml, 

3.1 2.5 

^er cent 

26 — ^ 23 

W.H. 

0.6 1.4 

2.6 2.3 

31 31 

D.S. 

1.4 1.6 

3.0 2.5 

43 33 

R. S. 

2.4 2.5* 

4.1 4.1* 

31 28 

Average 

1.3 1.6 

3.2 -»■ 2.9 

33 29 


* Electrophoretic evidence indicated a much larger in- 
crease in albumin and decrease in globulin in this instance. 


creased. The average change for the entire group 
was 0.4 gram per 100 ml. (Table V). In 4 of 
these patients, some elevation of albumin level 
persisted for at least 3 weeks following cessation 
of therapy. 

C. Ten daily injections of albumin (total 500 
grams). In 5 experiments on 3 patients (de- 
tailed in Table YI), it was obvious that 10 days 
of therapy were more effective in raising serum 
albumin level than either the 1- or 3-day periods. 
All patients showed increased albumin levels in all 
experiments, the smallest increase being 0.7 gram 
per cent, the maximum 1.3 gram per cent, and the 
average 1.0 gram per cent. In 3 experiments, 
serum albumin level fell rapidly following the last 
injection of albumin, although after 3 or 4 days, 
the levels were still slightly elevated over control 
figures. 
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TABLE V - TABLE VI 

Effect of 3 daily injections of albumin {total 150 grams) on ■ Effect of 10 daily injections of albumin {total 500 grams) on 
serum proteins {Home method) serum proteins {Home method) 


Patient 

Serum 

albumin 

Scrum 

globulin 

Hematocrit 
(cell volume) 

, Control 1 

t 

Treat* 

ment 

Control j 

i 1 

Treat- 

ment 

, Control 1 

Treat* 

ment 


grams per 100 ml. 

grams Per lOO ml. 

per cent 

J.G. 

0.8 1.1* 

2.4 2.3* 

23 -«■ 16 

L. 1. 

0.8 ->- 0.7 

2.6 2.7 

43 32 

W.H. 

0.9 — 1.4 

2.7 2.8 

33 — 29 

D.S. 

2.2 1.7»* 

2.0 2.9** 

32 -V 30 

K. N. 

2.8 -V 3.5 

3.2 3.1 

40 -V 36 

E. B. 

1.7 — 2.6 

2.4 2.6 

40 35 

R.S. 

2.5 — 3.5 

4.1 3.4 

28 -* 26 

Average 

1.7 -V 2.1 

2.8 — 2.8 

34 — 29 


• Electrophoretic analysis, uncorrectcd, indicated an 
albumin increase from 0.3 to 1.2 grams per lOO ml., with 
a corresponding reduction in globulins. 

•• Electrophoretic analysis, uncorrectcd, indicated an 
albumin increase from 1.4 to 2.2 mms per 100 ml., with a 
corresponding reduction in globulins. 

D. Albumin injected jor 22 and 20 days (total 
1,100 and 1,500 grams respectively). Following 
the long-term administration to patient J. G. with 


Patient 

Scrum 

albumin 

Serum 

globulin 

Hematocrit 
(ceil volume) 

j Control j 

Treat- 

ment 

Control j 
1 i 

Treat- 

ment 

Control 

Treat- 

ment 

J.G. 

grams fer 100 ml. 

0.6 -*■ 1.3 
0.9 — 2.2 

gratnf per 100 ml. 

3.2 -V 2.3 
2.6 — 2.4 

fer ceri 

26 — 19 

26 — 26 

W. H. 

1.4 2.5 

1.9 — 3.0 

2.6 — 2.6 
2.9 2.5 

36 — 32 

37 — 35 

D. S. 

1.9 -V 2.9 

t 

CO 

36 — 32 

Average 


iiiiQmQiiii 

34 — 29 


edema and patient W. H. without edema, it was 
apparent that the increase in albumin level was 
not appreciably greater than that observed in the 
10-day experiments, nor was tlic elevated level 
of albumin maintained following therapy for a 
longer period of time. Within 10 days after 
cessation of administration, levels had attained tlic 
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EFPECT OF CONTINUED ALBUMIN THERAPY ON 
SERUM PROTEIN LEVELS 

(■NEPHROTIC SYNDROME) 


Seram Albumin 
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50 5m cbilYiVV. 
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Fig. 11 


control values (Figure 11). Details of these ex- 
periments are presented in Figures 8 and 9. A 
summary of the effect of various dosages on 
serum albumin level is shown in Figure 12. 

E. Effect of albumin adimuistraiion on distribu- 
tion of electrophoretic components. Be3'ond an 
inconstant decrease in ratio of the elevated beta 
globulin to the total globulins, no significant 
change in ratios between the various electrophor- 
etic globulin components, either in plasma or urine, 
could be demonstrated as an immediate result of 
albumin therapy over the periods previously dis- 
cussed. This may be seen in Figures 13 and 14 
in which arc presented electrophoretic schlicrcn 
diagrams of patient W. H., whose initial low 
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gamma globulin and high beta and alpha-2 glo- 
bulin are characteristic of the nephrotic syndrome, 
and by contrast, patient R. S., whose high gamma 
globulin suggested a more acute process. Where- 
as the relative areas of the albumin peaks increase, 
the globulin peaks bear approximately the same 
relation to one another. Moreover, in the patients 
studied following short-term albumin injections, 
reversion to control pattern had occurred v.-ithin 
2 to 3 weeks. 

Four months after treatment had been dis- 
continued, W. H. presented the identical electro- 
phoretic diagram as that done during the control 
period. Furthcnnorc, no change in clinical con- 
dition or urine sediment was notcfl during this 
period. The gradual reversion in the dcctroph.or- 
clic pattern of patient J. G. lov.-nrd nonnal, .al- 
though it took pl.acc following prolonged allnnnin 
administration, cannot uncquivoc-ally l>e a'cril*c^! 
thereto. It is of intcrc.<t th-.at the rcve.-.rion in 
electrophoretic pattern was ai^'ori.'.tr'l with ■■tr:,;- 
ir.g clinical improveme.n; .and r. dec.'f'.'e in 
proteinuria. 

F. The effect cj cl: U’nin c ’tretii'r; cr. trtzl 
tot.-.! circ-’.t'r.tir.g gl- ’ uhr. I fr< c’.-t ,y-. 
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were inconstant in direction and Avell within the 
considerable limits of error which the methods in- 
volve (Table VII). As in the instance of the 
3-day injection, the fact that the total globulin 
content was neither greatly increased nor de- 
creased suggests that the effect of albumin ad- 


ministration was merely a dilution of the globulins. 
It should be pointed out that the methods em- 
ployed arc far too insensitive to detect such 
small increases of total circulating globulin as have 
been described immediately following a single in- 
jection of 25 grams (15). 
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TABLE 


Comparison oj estimates of effect oj albumin administration on amount oj drculaling albumin and globulin by 

uncorrected electrophoresis and by the Hove method 


Ratient 

Experiment 

Uncorrected 

electrophoresis 

Howe 

1 sallins out 

1 

Uncorrected 

electrophoresis 

Howe 
salting out 

W.H. 

500 grams in 10 days 

Control 

i 

frems of albumin 

1.7 

fer too trj. RBC 

2.5 

rratnr of £lo?ruItn 

5.3 

per 100 ml, RBC 
4.7 

Following albumin 


5.3 

5.6 i 

5.7 

1 

1100 grams in 22 days 

Control 

1 

B 

3.2 

5.4 

4.9 

1 Following albumin ' 

5.2 1 

mm 

5.4 

4.9 

D.S. 

150 grams in 3 days 

Control 

3.0 

BB 

6.0 

4.2 

Following albumin ! 

5.0 

3.9 

5.6 

6.7 

500 grams in 10 days 

Control 

2.6 1 

1 

3.2 

5.0 

4.5 

Following albumin 

6.0 

6.0 

5.3 

5.0 

R. S. 

150 grams in 3 days ^ 

Control 

5.3 

6.4 

11.4 

10.3 

Following albumin 

8.6 

! 

10.0 

11.0 

9.7 


5. Effect 0 / albumin administration 
on plasma volume 

Whereas estimated increases in plasma volume 
per gram increase in circulating albumin showed 
wide spread (coefficient of variation 28 per cent) 
owing to the errors inherent in the nature of the 
data available for calculation, it is of interest that 
the average value was fairly dose to the value 
predicted from osmotic pressure measurements. 
(11).=° It is of the same order of magnitude as 
that derived from experiments on injection of 
concentrated albumin following acute blood loss 
(29). 
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protein 

concmiraiion 

trans ^rr JOO nl. 
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19 


PrediclH Increase In 
pla«ma (ml.) 

per cram tr.errav- 

Circulatjnc albumin 


20 


It also is of interest that patient J. G., whose 
plasma proteins were significantly lower than the 
average appeared to show with some consistenq', 
as would be predicted from osmotic pressure data, 
larger increases in plasma volume than the 
average. 


6. Studies on nitrogen balance 

A. A single injection of albumin (50 grams). 
Protein excretion increased on the day of albumin 
therapy by approximately 7 grams in the 7 pati- 
ents studied. Studies in 4 patients (J. G., D. S., 
W. H., and R. S.) for 3 successive days rcvc,a!cd 
that an additional 21 grams was excreted iKforc 
equilibrium was attained. Striking difTcrcnccs in 
protein excretion vccre observed in difTcrent pati- 
ents (Table VUI). Ti'.c largest toss of protein 
ocairred in tk.e p.aticnt v.-ith tl;c grc.ate.-t initial 


In that the value of Scntclnrd and his as;c>c:.itts 
(Fifturc 3 of their paiicr (6)), is tu'ed on i 5 r>-o«n:n!:c 
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proteinuria (J. G-)- Such a correlation did not 
appear to hold for the rest of the patients. Al- 
though proteinuria increased, nonprotein nitrogen 
decreased ; and balance studies indicated a total net 
gain of nitrogen of 4.9 grams, equivalent to 31 
grams of protein or approximately 60 per cent of 
the injected dose of albumin. 

B. Three daily hijections of albnviin (total 150 
grams). Studies on 6 patients indicated an in- 
crease in proteinuria during the 3 days of treat- 
ment and for at least 3 days after treatment -vvas 
discontinued in 5 of the group (Table IX). The 
increase in protein excretion during the period of 
treatment amounted to approximately 16 grams 
daily (32 per cent of injected albumin), and an 


TABLE IX 

Urinary protein excretion Jollcrjiing 3 days of albumin 
therapy (total ISO grams) 


Patient 

Control 

Treatment 

Following treatment 

Day 

1 

Day 

2 

Day 

3 

First 

day 

Second 

day 

Third 

day 




gramt per Z4 hours 



J.G. 

24 1 

39 1 

59 1 

56 1 

48 

33 

27 

L.I. 

18 I 

32 1 

60 I 

39 

40 

36 

36 

W.H. ’ 

19 

24 1 

38 1 

38 

40 

39 

24 

D.S. 

12 

17 

44 

52 

53 

16 

19 

K.N. 

8 

6 

6 

6 

8 

7 


R. S. 

15 

16 

18 

28 

19 

29 

23 

Average 

16 

22 

37 

37 

35 

27 

23 


additional 12 grams daily was excreted during the 
subsequent 3 days. Thus, approximately 56 per 
cent of the albumin injected was excreted during 
the period of injection. Nitrogen balance studies 
indicated a slight overall reduction in nonprotcin 
nitrogen excretion witli a resulting positive bal- 
ance during the entire experiment of 12.9 grams 
of nitrogen equivalent to SI grams of protein or 
approximately 5-1 per cent of the injected protein. 

In 3 experiments on 2 patients no increase in 
average daily globulin out])ut was observeei on al- 
bumin dosage of this magnitude (Table X). This 
both confinns and extends tlie identical finding 
following injectioti of a single 25-giTim do=e (15). 

C. Ten di-Aly iv.jccticv.s of cU inr.ir, (tf tal 5CO 
gram«). Tb.rce patients v, etc stn lied. during and 
following 10 di.ays <1 .albumin tb.erapy, Ailiuntin 
c.xcrctioti ittcrt.-ooil by an average ef c'd grar.’.f 
daily durin.g tb.c lOHl.ay j-criol ef tberapv (Tal-le 


TABLE X 

Excretion of globulins following albumin administration 


Patient 

Amount 

of 

albumin 

dumber 

of 

days 

1 AveruKC 24-hour 
urine output 

1 Average 24-hour 
giobulin output 

Control 

Treated 

Control 

Treated 


grams 


rrj. 

grams 

J. G. 

150 

2 

820 

1840 

8.7 

7.1 


178 

3 

820 

1700 

7.5 

8.4 

R. S. 

j 

ISO 

3 

2960 1 

2930 

5.7 

5.2 


XI). During the 3 days following cessation of 
treatment an increased excretion of 18 grams 
(average) per day was noted. Approximately 80 
per cent of tlte injected albumin was thus excreted 
during the experiment. Nitrogen balance studies, 
however, indicated a slight overall reduction in 
nonprotein nitrogen excretion with a consequent 
average nitrogen retention of 20 grams of nitrogen 
equivalent to 124 grams of protein during the 
experiment. This represented a retention of ap- 
proximately 25 per cent of the injected protein. 

D. Longer continued studies — 22 and 30 daily 
injections of albumin (total 1,100 and 1,500 grams 
respectively). The results of these experiments 
are summarized in Figures 7 and 8. Patient \V. 
H. excreted an e-xccss of 3.4 grams nitrogen daily 
(22 grams of protein) during the 22-day c,xpcri- 
ment. During a 9-day period following withdraw- 
al of therapy, excess proteinuria amounted to II 
grams daily. This total increase in protein ex- 
cretion amounted to 580 grams. Nitrogen balance 
indicated a total positive balance of 52 grams of 
nitrogen or 327 grams of protein equivalent to 30 
per cent of injected protein. 

Patient J. G. excreted 42.3 grams of protein 
daily above her control level of excretion iluring 
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the 30-day period of treatment, and 10.3 grams 
daily during the 10-day period following cessation 
of therapy. This represented a total loss of ap- 
proximately 1,370 grams of protein or 90 per cent 
of the quantity of injected albumin. Nitrogen 
balance studies, however, indicated a retention of 
1.6 grams of nitrogen daily, or 10 grams of protein, 
with a negative balance of 2.7 grams daily for 3 
days after treatment was discontinued, balance 
being established after the third day. Summary 
of this indicates a total overall retention of ap- 
proximately 40 grams of nitrogen or 250 grams 
of protein during the experiment, or approxi- 
mately 16 per cent of injected protein. 

A summary of all nitrogen balance studies is 
presented in Table XII. 

TABLE xn 

Summary of nitrogen balance studies in patients with chronic 
nephritis treated with salt-poor concentrated 
human albumin intravenously 


Number 

of 

patients 

Group of 
experiments 
(albumin) 

Average 

protein 

retention 

Total injected 
protein 
retained 


r '.grams 

grams 

fier cent 

4 

50 

30 

60 

6 

ISO 

81 

54 

3 

500 

124 

25 

1 

1100 

327 

30 

1 

1500 

250 

16 


7. Follow-Up studies 

The response of 2 patients to the injection of 
150 grams of albumin over 3 days was checked 
some 6 months after the original studies. The 
first patient, J. G., had lost her massive anasarca, 
her serum albumin level had risen from 0.8 to 1.9 
grams per cent, and her daily spontaneous pro- 
teinuria had decreased from 24 to 13 grams. In 
this improved condition 150 grams of albumin 
occasioned a rise of serum albumin level to 3.7 
grams per cent as against the rise to 1.1 gram per 
cent noted during the initial study. Sixty-two 
per cent of the injected nitrogen was retained as 
against an initial 21 per cent. 

Patient K. N., originally in a far less severe 
nephrotic state, showed no essential change in 
clinical condition at the time of follow-up injec- 
tion. Her response to 150 grams of albumin was 
almost identical to her initial response both from 
, the standpoint of change of serum albumin level 
and retention of protein nitrogen. 


8. Jljjccl of other forms of therapy on this 
r/roiip of patients 

A. Mereupurin. Over a period of 14 day.s, 
patient J. G. was given 4 injections (tf)taling 7.5 
ml.) of mcrcnpnrin, iti 3 instances preceded by 8 
grams of ammonium chloride. At this time, her 
weight curve was showing a gain of 2.5 K'gm. a 
week (Figure 10). Although the urine volume 
increased some 300 ml. per 24 hours over the 
average control value following each injection, 
during the period of therapy the patient continued 
to gain weight at a rate identical with the control 
period. 

B, Amino acids.-' Patient J. G. During the 
period when this patient's already massive edema 
was increasing at a rate of 2.5 kgm. a week, she 
received approximately 70 grams of amino acids 
daily by mouth for 10 days. Although the aver- 
age daily urine volume increased by approximately 
300 ml. over that of the control period, weight 
gain continued at the same rate. There was no 
significant change in total protein or albumin 
levels. 

Patient R. S. At a time when his edema was 
barely detectable and his basal weight curv’’e was 
falling 1 kgm. a week, the patient received ap- 
proximately 60 grams of amino acids a day orally 
for 8 days. During this period, he lost 3 kgm. 
He gained 1 kgm. in the week following cessation 
of therapy after which his Aveight curA^e remained 
essentially flat. There Avas no change in the 
plasma proteins. 

Patient W. H. In contrast to patient R. S., on 
essentially the same dail}'’ dosage of amino acids 
over a period of 30 days, W. H. gained 1.5 kgm. 
per Aveek, although during the preceding control 
period he had lost 3 kgm. a Aveek. His moderate 
edema did not decrease. 

Patient D. S. A similar increase in AA'eight, al- 
though slightly less in amount, occurred in patient 

The oral and intravenous preparations of Frederick 
Stearns and Company Avere used. The oral preparation 
contains 2.8 per cent nitrogen; 280 ml. contain tlie same 
amount of nitrogen as 50 grams of albumin. The intra- 
venous preparation contains 2 per cent nitrogen; 400 ml. 
are equivalent in nitrogen to 50 grams of albumin. The 
use of these preparations increased only slightly the so- 
dium intake of the basal regimen, for they contain approxi- 
mately 0.130 gram sodium (expressed as sodium chloride) 
per 100 ml. 
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D. S. during both 15 days of oral amino acids 
therapy at this identical dosage, and 9 days of 
intravenous amino acids administration at a nitro- 
gen dosage equivalent to 37.5 grams of albumin 
a day. During control periods for both these 
experiments, the patient’s basal weight curve de- 
creased at a rate of approximately 1 kgm. a week. 
During both periods of therapy the average daily 
urinary volume decreased by approximately 300 
ml. over that of the control periods. In neither 
experiment was there a significant change in serum 
total protein nor albumin. During the intravenous 
therapy, N.P.N. excretion increased from a con- 
trol average of 12.5 to 16.2 grams daily, and 
protein excretion from 7.5 to 12.5 grams daily. 
Less than 0.5 per cent of amino acids was ex- 
creted in the urine as such. During the 10-day 
period of therapy and the ensuing 3 days, how- 
ever, approximately 70 per cent of the injected 
nitrogen was excreted, yielding a retention of 30 
per cent, a figure comparable to that encountered 
with a dose of albumin of similar magnitude in 
this patient. 

C. Urea. The anorexia which so frequently 
attends the nephrotic syndrome made the oral ad- 
ministration of this substance impossible in the in- 
stance of patient J. G. and limited the tolerated 
dosage in certain other patients. 

Of the group, patients L. I., W. H., and D. S., 
whose edema ranged from minimal to moderate, 
were able to ingest a dose of approximate!}' 22 
grams a day, in the first instance for 9 days, in 
the latter instances for 22 days. In no case was 
there an increase in urine output over the control 
%-alucs. In the first 2 patients the weight curves 
remained flat; in the third patient there was a 
weight loss totaling 2 kgm. Tlicrc was no sig- 
nificant cfTcct on the plasma proteins. 

A second period of urea administration at a 
dosage of 90 grams a d.ay was instituted in patient 
D. S. shortly after his lO-day pericvl of albumin 
therapy. Whereas during th.c pcricwls of control, 
allnimin therapy, and urea at a rate of 2Q grams 
a day his weight curve Imd rcmair.ctl fiat, on th.c 
larger dosage, he lost weigl:* .at th.c rate of 3 kgm, 
a week, and h.is urine ou;put !r.rrc.a‘cd ewer th.a; 
of th.c cor.trid prtioi hy appror.iu’.r.tf ;y -’.fO jj-J. ^ 
day. In th.c 3 days i*. ’.h. v. in.g cc-^atii n «f urea, 
th.c paticr.t reg.air.c.! 3 kcr.t. Weigh; 2"'^ again 
occutte*.! at th.c satr.c rate t.r; t;:e rrsuntgtl’' tt ef 


90 grams of urea a day. A comparable rate of 
diuresis was observed over a shorter period in 
patient R. S. at a time when he had no detectable 
edema. 

This small number of observations suggests 
that in patients with minimal edema in whom 
albumin has been a relatively ineffectual diuretic, 
urea in moderate dosage is likewise witliout effect, 
but in large amounts may induce diuresis and 
maintain it during the period of administration. 

DISCUSSION 

This study of the use of salt-poor human 
serum albumin in glomerulonephritis represents a 
step in a systematic program aimed at the study 
of the effect of tlie administration of purified 
plasma protein fractions, characterized both with 
respect to physical-chemical properties and in so 
far as possible to physiological function, in those 
conditions in which the normal equilibrium state 
of these proteins is known to be altered. 

Whereas the use of a molecule of different 
characteristics (for example, of similar diameter 
but increased length yielding increased retention 
in the blood stream (30) may ultimately prove 
more effective, salt-poor albumin has scx'cral ad- 
TOntages over the \-arious substances of high 
molecular weight that have been used in attempts 
to effect diuresis and positive nitrogen balance in 
patients with low total proteins and a high degree 
of albuminuria. It is a native protein. Although 
low in sodium, it shares with norm.a! plasma or 
scrum the fact that its amino acid composition 
gives it a nutritional cap.icily approximately equal 
to that of whole plasma (31) and superior to 
that of sucli incomplete proteins as gcLatin (32). 
The reaction rate following injection of norma! 
human scrum albumin in our experience is even 
less than that of banked pl.acm.a. Its ti<c in large 
quantities docs not carry- the .^-an:c ri'k of liver 
deposition and subsequent irjjp.-iirment of allntmin 
synll'.csis suclt as I'.as Isecn rcparte-l lyg;: r.xr'cri- 
inent.ally and dinically with .ar.-ci.a f33). 
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Such observations have led to manj’ inlcrprcta- 
ions of the mechanism of the irregularly occur- 
•ing diureses encountered with these substances. 
F'ollowing a suggestion by Peters (35), evidence 
,vas presented for a correlation between diuresis 
ind increase in plasma volume rather than an in- 
:rease in colloid osmotic pressure (36, 2). Al- 
though the possibility of this mechanism found 
:orroboration in studies of urine output following 
plasma infusion into normal dogs (37), increases 
in blood volume were observed in nephrotics, fol- 
lowing plasma therapy where no diuresis occurred 
(3). Again, whereas an increased chloride out- 
put has been described (34), the chloride loss 
during diuresis following acacia infusion was 
roughly equal to the amount of chloride in the 
injected acacia solution plus that of the excreted 
edema fluid (38). 

Finally, the unchanging serum protein level at 
the onset of the diureses produced by plasma was 
reminiscent of the spontaneous diureses of ne- 
phrosis and suggested that in addition to osmotic 
action “serum . . . supplies some . . , substances 
which set off the patient’s own mechanism of 
diuresis” (1). Hence, appraisal of therapeutic 
efficacy was based on an increased incidence over 
the expected of a diuresis of this type. 

Indeed, a study of the course of diureses re- 
ported following administration of serum, plasma, 
and acacia reveals that in many instances it further 
resembles the spontaneous diuresis in that it per- 
sists long after the period of administration of 
colloid substances (39).^^ 

The diureses following salt-poor albumin ap- 
pear to differ from those reported with other sub- 
stances in the time relation between administra- 
tion and weight loss. In no instance did admini- 
stration of albumin provoke the type of spon- 
taneous diuresis which long outlasts the period 
of therapy. The average daily weight loss on 
uniform daily dosage was approximately the same 
for periods of therapy varying between 1 and 30 
days. This weight loss appeared to be super- 
imposed on the patient’s basal weight curve. Thus, 
in patient J. G. whose basal weight curve over 2 
months before therapy showed an average gain of 

-- The diuresis illustrated by Landis (38) taking place 
during the administration of about 20 grams of acacia a 
day for 8 days resembles more the diuresis obtained with 
albumin. 


10 kgin, a moiUh, short periods of tbernpy vritli 
attendant diurcscs ultimately were followed by 
continued weight gain. After the loss of 20 kgm. 
(hiring the 30-day administration, the patient, al- 
though still strikingly edematous, maintained a 
level weight for 3 weeks, d’bc significance of this 
level weight curve is emphasized by the subse- 
quent spontaneous diurcscs in the absence of any 
albumin which began immediately following re- 
moval of an abscessed tooth. 

In this group of patients the correlation between 
extent of diuresis and the extent of the patient’s 
edema was striking. The. data set forth here do 
not elucidate the mechanism. Extent of diuresis 
showed no constant correlation with either in- 
crease in scrum albumin level or in total circulat- 
ing albumin. The estimated increases in plasma 
volume per gram increase in circulating albumin 
following treatment were but little larger in the 
edematous patients who showed good diurcscs 
than in those with little edema whose weight 
curves remained flat. The fact that the average 
daily weight loss per gram albumin was as great 
oh the first as on the third day of a course of 
treatment, although the average quantity of ex- 
creted protein was far less on the first clay, ex- 
cluded any constant correlation with total pro- 
tein excretion.-® Nor could diuresis be related 
to average urinary protein concentration.®^ 

From the correlation between the extent of 
edema and the diuresis produced by salt-poor al- 

-3 This is shown by examination of the charts of J. G. 
and D. S. between the tliird or sixth day of their 10-day 
period of therapy (Figures 5 and 6). Although patient 
J. G. showed a typical diuresis and D. S. did not, thej' 
both excreted an average of 56 grams of protein per day. 
Moreover, the fact that no temporary increase in urinary 
protein concentration preceded diuresis following the in- 
jection of a single dose of salt-poor albumin in patient 
J. G. (Figure 3 ) fails to provide evidence that the pres- 
ence of high protein concentration in the tubule initiates 
diuresis. In this connection, it is of interest tliat in cir- 
rhotic patients (40) who have no proteinuria, the same 
correlation between occurrence of diuresis and extent of 
edema would appear to hold. 

24 The average urinary protein concentration of patient 
J. G. during the initial 10 days of her 30-day period was 
2.8 grams per cent. At this time she was losing weight 
at a rate of 0.76 kgm. per day. During the last 6 days 
in patient D. S.’ 10-day period of treatment, his average 
urinary protein concentration was 3.3 grams per cent at 
which time the patient having little edema had no change 
in weight. 
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bumin treatment, both the values and the limita- 
tions of this form of therapy in the various stages 
of chronic Bright’s disease emerge. 

The greatest use would appear to be in the 
extreme nephrotic stage. In the edema-free pati- 
ent, tending toward a fixation of specific gravity, 
nitrogen retention and hypertension, its value is 
less and occasionally its use may be contraindic- 
ated from the cardiovascular standpoint by reason 
of its ability to produce and maintain striking 
rises in blood volume. 

Indeed, it is in extreme nephrosis, the edema 
of which is notoriously quite resistant to mer- 
curial diuretics, in which administration of amino 
acids has no constant effect, and in which anor- 
exia often prohibits oral urea in large doses, that 
an agent which will induce and maintain a diur- 
esis may occasionally give dramatic symptomatic 
relief to a desperately sick patient. 

It is important to emphasize the basal dietarj' 
regimen of these patients in evaluating the ability 
of albumin to maintain diuresis and positive nitro- 
gen balance. Had not these patients been very 
close to positive nitrogen balance. on the dietary 
intake alone, larger quantities of albumin may well 
have been required to induce the significantly 
positive nitrogen balance attained and the feeling 
of well-being that appeared to accompany that 
state. Likewise, it is obvious that the rigid re- 
striction of salt is important in the maintenance 
of diuresis with salt-poor albumin, particularly 
in view of the possibility that salt-poor albumin 
might have succeeded in the previously reported 
instances (5) where high-salt albumin has failed 
in attainment of diuresis. 

. No evidence emerges from this study that the 
. diuresis or positive nitrogen balance induced by 
salt-poor albumin results in any change in the 
natural histoiy of the disease process. Clinical 
follow-up studies have shown no deleterious 
changes in renal function ascrib.able to the rela- 
tively large doses of albumin. *' This is in agrec- 

-- The work of Bailey ar.J Hawn (41> on IvT.ine aU-j- 
min. tpytslicr \vi*.h the correlation note-.I tw r'Uckrat.n 
Datis (•'’’) cf revere rh’u'.ir.nria with fr.vre-’ivr rer.al 
tlaniafte. r. t le.wi to the cesnort.i!i'n < • •-'erlar 

clranec! foltowine r.’.rmal rernm eh'-jw-n alrr.inir- 

tration ar !;ave t'een tle'Cri'-o'. y Hotn't (-at t,''.h--.\. 
irt,- the a.’wini'trati rs ci oerta;:; frrrrr ft j..;rif-,; j-lrthe 
.anJ of coi- ri’-.nfin in <' ar i > ?tret--.r.i <-! i 


ment with other findings which revealed an in- 
stance of complete recovery witlr absence of pro- 
teinuria in an 8-year-old nephrotic boy who had 
received over 600 grams of high-salt normal hu- 
man serum albumin in a period of 30 days (5). 

SUMMARY AND CONCLUSIONS 

Salt-poor concentrated human serum albumin 
has been administered intravenously for periods 
vary’ing behveen 1 and 30 days at a dosage of 50 
grams a day' and a rate of 10 grams an hour to 
a group of 7 patients in several stages of chronic 
nephritis maintained on a diet adequate in calories, 
containing 80 to 125 grams of protein daily and 
low in sodium chloride. 

The therapeutic value of salt-poor albumin var- 
ied with the stage of the disease. In patients witii 
edema, low serum proteins, and absent to moder- 
ate hypertension and nitrogen retention, albumin 
in this dosage was a safe agent in increasing the 
serum albumin level and in inducing positive 
nitrogen balance. 

The diuretic effect of salt-poor albumin ad- 
ministration was most striking in the severe 
nephrotic state with massive edema. Control stud- 
ies both witli amino acid mixtures administered 
by mouth and intravenously in comparable quanti- 
ties and with meraipurin yielded no diuresis 
under tliese circumstances. 

Unlike the diurescs that have been reported as 
initiated by a wide ^-ariety of therapies and whicli 
resemble the spontaneous diurescs of the nephro- 
tic state, the diurescs following albumin proceeded 
at a constant rate during the period of administra- 
tion only and stopped at the end of it. 

Following short pcrio'ls of therapy (10 days or 
less), the ability to maintain weight loss was 
roughly related to th.e slope and dirtxtion of ih.c 
patient’s weight atrve on Ixasal rccimrn. In the 
one instance of prolonged {30-<',ay) tiwrajjy in 
nephro'is. a prcvion^Iy rajddiv .ascending v. riglit 
curve became fiat following diurcri'; of 20 
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such a change in basal weight curve is consistent 
with the spontaneous course of the disease, the 
significance of this observation as related to salt- 
poor albumin therapy can only emerge after far 
wider clinical use. 

In contrast to its effect on nephrotic anasarca, 
the diuretic effect of salt-poor albumin in the pres- 
ence of minimal edema was slight. Although con- 
trol studies showed that both amino acid mixtures 
in comparable quantities and urea (20 grams 
daily) were likewise ineffective, massive doses of 
urea (90 grams a day), when tolerated, appeared 
to induce further diuresis and weight loss of a 
transient character. 

Albumin administration in the presence of 
severe hypertension, nitrogen retention, and in the 
absence of edema appeared contraindicated owing 
to its efficacy in rapidly increasing blood volume 
beyond the tolerance of the cardiovascular system. 

Although in this study salt-poor albumin ap- 
peared to have no influence on the natural historj' 
of the disease process, in a condition as variable as 
chronic glomerulonephritis, observations far more 
extensive, both in duration and in range of clinical 
material, are necessary to determine this point. 
The symptomatic benefits here reported in the 
nephrotic state well warrant such observations. 

CASE HISTORIES AND INITIAL CLINICAL FINDINGS 

1. J. G. (M-6S7S7), an 18-year-old white school girl, 
was admitted to the Peter Bent Brigham Hospital on 
January 24, 1944, because of generalized edema which had 
progressed to massive anasarca over the past S months. 

Her health had been excellent- with the exception of 
measles, mumps, and scarlet fever without known com- 
plications. 

The present illness began in August, 1943, with the 
onset of ankle edema associated with a head cold. Fol- 
lowing this, she felt well and was active, but the edema 
increased, and she began to note progressive swelling of 
her abdomen. There were no urinary symptoms beyond 
the fact that during her rapid weight gain, she noted her 
urine volume to be unusually small. In the month pre- 
ceding admission she had anorexia, flatulence, and occa- 
sional abdominal cramps. 

Physical examination: Temperature 98.6® F., pulse 80, 
respirations 18, blood pressure 120/76 mm. Hg. A well- 
developed and -nourished young girl showed marked gen- 
eral pallor and puffiness of the face together with striking 
soft pitting edema beginning at the mid-abdomen and ex- 
tending down the lower extremities. 

Fundi were not remarkable. Pharynx was normal. 
There was evidence of fluid in both pleural cavities and 
the abdomen showed shifting dullness and an easily 


(lcmonsfra!)lc fluid wave. Tlic hc.nrt was not remarkable. 
The remainder of the cxamiiiation was noncontributory. 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens: Specific gravity varied between 1.020 and 
1.036, protein 4 -f- (22 grams in 24 hours), sugar nega- 
tive, centrifuged sediment— red cells varied between 2 
and 45 per high power field, white cells varied between 
1 and 10 per high power field, casts varied between 1 and 
10 per low power field. Blood : Bed cells 4,000,000 per 
c.mm., hematocrit 35, sedimentation rate 61 mm. per hour, 
white cells 12,000 per c.mm. with 78 per cent ncutrophilcs. 
Blood chemistry; Urea nitrogen 28 mgm. per cent, total 
protein 2.8 grams per cent, cholesterol 1,100 mgm. per 
cent, chlorides 107 m.crj. per liter, carbon dioxide com- 
bining power 28 m.M. per liter. Vital capacity 1,500 m.l. 
Electrocardiogram: Low EMF with a P-R interval of 
0.20 seconds. 

X-ray c.raminations: Chest: Fluid at both bases and 
a heart nonnal in sire and shape. Sinuses: negative. 

2. L. I. (M-66634), a 43-ycar-old white m.alc watch- 
man, was admitted to the Peter Bent Brigham Hospital 
on June 23, 1944, because of generalized edema of 2 
months’ duration. 

The patient had had uncomplicated scarlet fever at the 
age of 7 without any nephritic sequcllae. For at least 6 
years before entry-, he had suflered from mild bronchial 
asthma. 

Although asymptomatic, a routine urine examination 6 
months prior to admission disclosed massive albuminuria. 
Two months prior to admission, the onset of generalized 
edema, unassociated with any noticed infection, caused him 
to consult his family doctor who advised bed rest, thyroid, 
and a high protein diet. Despite a period of transitory 
improvement, edema progressed and nausea, anorexia, and 
constipation appeared. 

Physical examination: Temperature 98.0° F., pulse 84, 
respirations 20, blood pressure 160/110 mm. Hg. A pale 
moderately obese man presented generalized edema of his 
legs, genitalia, and to a lesser degree of his abdomen. 
Fundi showed irregularities in the calibre of the vessels 
and one small area of exudate above the right disc. The 
pharynx was red. The tonsils were large and red ; no pus 
was observed. Many asthmatic squeaks and fine basal 
rales were heard over both lung fields. The heart was 
not enlarged; rhythm was regular. There was a grade I 
-apical systolic murmur. Beyond these findings the ex- 
amination was noncontributory. 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens: Specific gravity varied between 1.008 and 
1.032, protein 4+ (18 grams in 24 hours), sugar nega- 
tive, centrifuged sediment — red cells varied beriveen 0 to 
4 per high power field, white cells varied between 2 to 30 
per high power field, many hyaline and granular casts per 
low power field. Blood: Red cells 5,200,000 per c.mm., 
hematocrit 48, sedimentation rate 32 mm. per hour, white 
count 8,600 with 77 per cent neutrophiles and 3 per cent 
eosinophiles. Blood chemistry: Urea nitrogen 25 mgm. 
per cent, total protein 3.8 grams per cent, cholesterol 
1,170 mgm. per cent, chlorides 108 m.eq. per liter, carbon 
dioxide combining power 24 m.M. per liter. Vital capacity 
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1,800 in.l. Venous pressure 90 mm. of saline. Circula- 
tion time (Decholin) 10 seconds. Congo red test nega- 
tive. P.S.P. excretion: 15 minutes 10 per cent; total in 
2 hours, 45 per cent. 

X-ray examittations: Chest; Negative beyond clouding 
at right base and minimal fluid in the right costophrenic 
angle; heart normal in size and shape. Sinuses: Cloud- 
ing of ethmoid cells and right frontal sinus, evidence of 
thickening in the sphenoid sinuses. 

3. W. H. (M-65128), a 42-year-old male shipyard 
worker, was admitted to the Peter Bent Brigham Hos- 
pital on October 13, 1943, because of edema of 1 month’s 
duration. 

An anterior urethritis, in 1919, was followed by develop- 
ment of a stricture which was dilated, in 1927, with 
sounds. In 1942, an attack of prostatitis accompanied 
by frequency and nocturia was treated by his family 
doctor. The bacteriology of these infections is not known. 
In recent years, he had been subject to many sore throats. 

His present illness began early in September, 1943, 
when, simultaneous with an acute upper respiratory in- 
fection characterized by chills, fever, and sore throat, puffi- 
ness was noted about his eyes. He had some soreness in 
the calves of his legs and in his feet He subsequently 
developed ankle edema. Later, the edema became more 
generalized. He also had some malaise, headaches, and 
dizzy spells and had noted that his urine had been dark 
orange in color and decreased in amount. Ten days be- 
fore admission he was put at bed rest on a low-salt, low- 
protein diet. During this time, he had had 2 episodes of 
paroxysmal nocturnal dyspnea. 

Physical cxaminalioit: Temperature 98.0® F., pulse 88, 
respirations 20, blood pressure 120/70 mm. Hg. A well- 
developed colored man exhibited marked puffiness about 
the eyes and moderate pitting edema of the ankles, sacrum 
and genitalia. Fundi showed no abnormalities. Teeth 
were carious and moderate pyorrhea rx-as present Al- 
though the throat was not red, the left tonsil was ab- 
normally large and free of pus. Heart was normal. 
Lungs were clear. The prostate was not obviously en- 
larged. The remainder of the examination was non- 
contributory. 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens; Specific gravity varied between 1.005 and 

l. 014, protein 4 + (19 grams in 24 hours), sugar negative, 
centrifuged sediment — red cells varied between I and S 
per high power field, white cells v-aried between 3 and IS 
per cent high power field, many h>-alinc and granular 
casts per low power field. Blood; Red cell.s, 3,400.003 
per c.mm., hematocrit 32, scslimcntation rate IS mm. per 
hour, white cells 9,400 per cmm., with 63 per cent 
neutrophiles and 3 per cent co'inophilcs. Blood chemistry: 
Nonprotcin nitrogen 30 mgm. per cent, total protein 4.1 
grams per cent, cholesterol “55 rngm, jer cent, chlorides 
113 me<j. per liter, c.-r!»cn dl.-xide combining pc-.ver 27 

m. M. per liter. V:t.al cip.icity 2,83'> tn.L I’.S.P. excre- 
tion — 15 minutes 40 per cen.t. total “0 per cent in 2 h— .in, 
Multip’c urine cultures showed stsp’.;.l,-».— >rrs:t a’but. 
Llcetrvvard'O.eran', ; Uw voltree, B-R ieterveil 020 sec- 
terls, tthenvise ts; ert”!. 


X-ray examinations: Ltmgs; Moderate pulmonary con- 
gestion. Heart: Twelve per cent above average by 
height-weight ratio. Sinuses : All sinuses showed thicken- 
ing of the membranes but no fluid level. Teeth; Small 
areas of absorption along the roots of 2 molars. 

4. D. S. (il-d5112), a 30-year-old white male, was 
admitted to the Peter Bent Brigham Hospital on October 
11, 1943, because of ankle edema of about 1 year’s 
duration. 

One and a half years before this admission, he was 
found to have marked albuminuria unassociated with other 
signs or symptoms. In the fall of 1942 he developed 
ankle edema. This gradually became more severe and 
spread to involve the entire body. He gained 15 pounds 
during the year preceding admission. 

Physical examination: Temperature 98.4° F., pulse 84, 
respirations 20, blood pressure 140/90 mm. Hg. A well- 
developed and -nourished but pale middle-aged male 
showed pitting edema extending from his legs to hb 
lower abdominal wall and involving his hands. The fundi 
were negative. The pharynx was normal. The lungs 
were clear. The heart was negative except for a soft 
systolic bruit at the apex. The remainder of tlic exami- 
nation was noncontributoo’- 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens: Specific gravity varied from 1.009 to 1.018, 
protein 3-1- (11 grams in 24 hours), sugar negative, 
centrifuged sediment — red cells varied between 0 to 4 per 
high power field, white cells varied between 0 to 5 per 
high power field, many granular casts and rare hj-alinc 
casts per low power field. Blood: Red cells 4,400,000 
per c.mm., hematocrit 37, sedimentation rate 3S mm. per 
hour, white cells 7,000 per c.mm., with 62 per cent ncutro- 
philcs and 3 per cent cosinophilcs. Blood chemistry: 
Nonprotcin nitrogen 27 mgm. per cent, total protein 4,8 
grams per cent, cholesterol 1,000 mgm. per cent, diloridcs 
108 m.cq. per liter, carbon dioxide combining power 29 
m.M. per liter. \^tal capacity 4,200 m.l. P.S.P. excre- 
tion — 15 minutes 20 per cent and a total of 75 per cent 
in 2 hours. Electrocardiogram normal. 

X-roy exominations: Lungs: Gear. Heart; Five per 
cent below average size by hcight-wciglit ratio. Sinurcs : 
Negative. Teeth; Negative. 

5. K. N. ('f-66677), a 40-ycar-o’.d divorcc-l stenog- 
rapher, entered the Peter Be:n Brigbam Hospital ra July 
3. 1944. complaining of mild ger.eralirtf! cdr.-r-i of 5 
weeks* duration. 

•At the age of 8. she Itad Iia-i a.n e; b.-vlf of grn-.'aliz-Tl 
malaifc and adiing for v.b.ich tb.e w?.^ c' nfn-d to (,,r 
2 weeks with the dizmatis of rb.r.nn.'.;',c {<■•. -r 
no history* rf 

h:i< never !*ccn Lny r*. iirnrt c T C 2 ri!hr «!nTL^:‘r, Ir 
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weeks in 1942. No recrudescence of respiratory syjnptoins 
could be correlated witli the present illness. 

Physical c.rammatiou: Temperature 99.0" F., pulse 84, 
respirations 20, blood pressure 130/80 mm. Hg. A well- 
developed and -nourished wliite female, witliout significant 
pallor or facial edema, presented minimal pitting edema of 
her ankles. Fundi were within normal limits. The 
pharjmx was slightly injected. Both tonsils were present 
but not inflamed. There were numerous nontender, dis- 
crete, small cervical lymph nodes. Lungs were clear. 
The heart was normal. The remainder of the physical 
examination was negative except for a creamy white vagi- 
nal discharge. 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens : Specific gravity 1.010, protein 3 + (7 gm. in 
24 hours), sugar negative, centrifuged sediment — red cells 
varied between 1 to 12 per high power field, white cells 
varied between 0 to S per high power field, occasional 
hyaline and fine granular casts. Blood: Hemoglobin 12.5 
gm. per cent, hematocrit 39, sedimentation rate 45 mm. 
per hour, white cells 9,500 per c.mm., with 58 per cent 
neutrophiles and 3 per cent eosinophiles. Blood chem- 
istry; Urea nitrogen 9 mgm. per cent, total protein 5.6 
gm. per cent, cholesterol 430 mgm. per cent. Throat cul- 
tures showed normal throat flora. Serial urine cultures 
were sterile. Culture of tooth root following extraction 
showed alpha streptococci and staphylococcus albus. 
P.S.P. excretion — IS minutes 45 per cent and a total of 
75 per cent in 2 hours. Congo red test negative. Basal 
metabolic rate 4-3 per cent. Vital capacity 3,600 m.l. 
Electrocardiogram normal. 

X-ray examinations: Chest: Clear. Heart; Six per 
cent below average in size by height-weight ratio. Sinu- 
ses: Negative. Teeth; Areas of absorption around the 
roots of the right lower first molar. Retrograde pyelo- 
grams: Negative. 

6. E. B. (M-67041), a 44-year-old white housewife, 
was readmitted to the Peter Bent Brigham Hospital on 
September 11, 1944, because of increasing lassitude, exer- 
tional dyspnea, and generalized edema over the past 3 
months. 

In the fall of 1943, she was found to have hypertension 
with blood pressures as high as 160/110 mm. Hg and 
moderate proteinuria. She felt relatively well until a few 
months prior to the present admission at which time she 
began to complain of loss of vigor, mild exertional dysp- 
nea, slight generalized edema, and lack of mental acuity. 

Physical examination: Temperature 98.4° F., pulse 82, 
respirations 20, blood pressure 175/105 mm. Hg. A well- 
developed and well-nourished middle-aged woman, clear 
in mind, showed a slightly pale skin and generalized 
puffiness which graded in the arms, sacrum and legs into 
mild but pitting edema. Beyond abnormally narrow 
retinal arterioles, examination of the fundi was negative. 
The pharynx showed no evidence of infection. The lungs 
were clear except for an occasional crackling rale at the 
right base. Beyond soft nontransmitted apical and basal 
systolic murmurs, no further cardiac abnormalities were 
found. The remainder of the physical examination was 
noncontributory. 


Laboratory data: Urine, .serial .specimens: Specific 
gravity varied between 1.010 and 1.026. protein 4 -1- (5 
grams in 24 hours), sugar — initially 4 -i-, with regulation 
of diabetes 0, centrifuged sediment — red cells varied be- 
tween 2 to 4 per liigh power field, white cells varied 
between 0 to 1 jx:r high power field, occasional hyaline 
and granular casts. Blood: Red cells 4,000,000 per c.mrn., 
hematocrit 40, sedimentation rate 50 mm. per hour, white 
cells 10,300 per c.imn. with 73 per cent neutrophiles and 
4 per cent eosinophiles. Blooel chemistry; Urea nitrogen 
20 mgm. per cent, total protein 4,1 grams per cent, cliolcs- 
terol 880 mgm. per cent, chlorides 104 in.cq. per liter. 
Basal metabolic rate —21, Bromsulphalcin test — 2 per 
cent retention after 40 minutes. Venous pressure 115 mm. 
saline. Circulation time (Dccholin) 28 seconds. Elec- 
trocardiogram, low voltage, with occasional premature 
ventricular beats. 

X-ray examinations: Lungs: Clear. Heart; Twenty 
per cent above average size by height-weight ratio. 

7, R. S. (M-6S187), a 29-year-old white married welder, 
was admitted to the Peter Bent Brigham Hospital on 
October 25, 1943, with the complaint of "kidney disease" 
of 6 months’ duration. 

Patient had had a chronic cough with numerous exacer- 
bations in the winters during the previous 2 decades. 
Clubbing of the fingers had been present for many years. 

In May, 1943, following a period of generalized malaise, 
he developed swelling of his ankles and was found to have 
both albuminuria and marked microscopic hematuria. He 
was treated at home by his local physician with bed rest, 
low-protein and low-salt diet. There had been no pre- 
vious acute infection. His edema gradually subsided, but 
he developed hypertension with levels as high as 170 mm. 
Hg systolic. Albumin, red and white cells persisted in 
the urine. He returned to work, however, and did well 
until October, 1943, when he again developed edema of 
his legs, and he noted that his urine was scant and smok>'. 
He went to bed 2 weeks before admission and his ankle 
edema disappeared. There had been intermittent nocturia 
during the 8 months preceding admission, but there had 
been no other symptoms suggesting genito-urinary dis- 
ease. His only cardiovascular manifestation was minimal 
exertional dyspnea developing since his first acute episode. 

Physical examination: Temperature 97.8° F., pulse 78, 
respirations 18, blood pressure 150/90 mm. Hg. A well- 
developed and nourished man in early middle age, pre- 
sented a sallow complexion. Although his face was not 
puffy, there was minimal pitting edema of both ankles 
and sacrum. Fundi were within normal limits. Al- 
though the patient’s tonsils were present, neither they nor 
the pharynx appeared infected. The trachea was deviated 
slightly to the left. The lungs were negative. To percus- 
sion the heart appeared moderately enlarged to the left, 
but beyond a soft apical systolic murmur no other ab- 
normalities were found. Prostate was normal. The re- 
mainder of the examination was noncontributory. 

Laboratory data: Blood Hinton negative. Urine, serial 
specimens; Specific gravity varied between 1.006 and 
1.012, protein 3-1- (12 grams in 24 hours), sugar nega- 
tive, centrifuged sediment— red cells varied between 1 to 
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2 per high power field to a sediment loaded with red cells 
such that other elements were obscured, white cells usu- 
ally between 3 to 10 per high power field, on 2 occasions 
many more white cells were seen among large (juantities 
of red cells, casts varied between 1 and 20 per low power 
field. Blood; Red cells 4,400,000 per c.mm., hematocrit 
30, sedimentation rate 61 mm. per hour, white cells 10,000 
per c.mm., with 70 per cent neutrophiles. Blood chem- 
istry: Urea nitrogen 46 mgm. per cent, total protein 5.6 
grams per cent, cholesterol 340 mgm. per cent, chlorides 
116 m.cq. per liter, carbon dioxide combining power 20 
m.M. per liter. Vital capacity 4,500 m.l. Overnight urine 
concentration test— maximum specific gravity 1.010. Pi- 
tuitrin concentration test— maximum specific gravity 1.008. 
P.S.P. excretion — 15 minutes 10 per cent, and a total of 
65 per cent in 2 hours. Electrocardiogram normal. Serial 
urine cultures showed either no growth or an occasional 
staphylococcus albus or alpha streptococcus. 

X-ray examinaiioits: Chest: Clear. Heart; Slightly 
enlarged to right and left. Sinuses; Negative beyond 
thickened membranes in left antrum. Lipiodol examina- 
tion of bronehi ; No obvious bronchiectasis although bron- 
chus to right lower lobe filled poorly. Teeth: Negative. 
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The experimental study of traumatic shock 
requires the use of a reproducible procedure for 
damaging muscles and surrounding tissues. Since 
the classical method of Cannon and Bayliss (1), 
manj' techniques have been employed (2 to 5). 
By the use of such methods, a relatively uniform 
clinical result can be obtained in a series of ex- 
periments, but the exact amount of tissue injured 
and of accumulated fluid cannot be measured 
accurately. Collection of the traumatic exudate 
is likewise a difficult procedure altliough its com- 
position has been the subject of investigation (6). 

In the course of making a study of electrolyte 
and water shifts in shock, it became desirable to 
utilize a method whereby a known or measurable 
amount of tissue could be damaged by temporary’ 
interruption of its blood supply. The method 
described in this paper was evolved in order to 
accomplish this. 

This method also has certain other important 
advantages which have made it ver)- useful in the 
study of the etiology and therapeusis of traumatic 
.shock. It is traumatically less severe than many 
methods, and therefore does not usually produce 
ovcrsvhclming shock. This provides the oppor- 
tunity of differentiating possible early and primarj' 
changes in physiological responses which might 
be obscured with more vigorous techniques. 
Moreover, it is suit.ahle for the study of the elTects 
of thcrnjxnuic procedures to which an cxcessivelv 
traumatized animal cotild not be expected to 
re.sjxmd. 


this accumulation is largely limited to the lower 
part of the legs, it is possible to estimate it as a 
function of time by measuring volume changes 
in the limbs up to the groin. The procedure has 
also been modified so that the accumulating fluid 
can be collected completely; in this way, factors 
affecting the rate of extravasation in a trauma- 
tized area can be evaluated, and the fluid itself 
can be obtained in large quantities for investiga- 
tion of its chemical composition, its physiologic 
properties, and its bacterial flora. 

TECHNIQUE OF OPER.VTION 

.-\scptic precautions arc used throughout. Alt animals 
were anaesthetized by means of sodium pentobarbital, .10 
mgm. per kgm. given intravenously. The hair of both 
hind limbs of the dog is carefully clipped and shaved from 
the paw to the inguinal fold. The shaved skin is then 
scrubbed ll5oroiigl)!y with soap and water, dried tvith 
ether, and painted with tincture of iodine. The hips arc 
then acutely flexed, the legs brought into c.xlcnsion and 
anchored to the table. The legs are drapeti with sterile 
towels and a small laparotomy sheet, .y linear incision 
is made in the middle of the skin of the calf extendin,g 
from the level of the attachment of the tendo .\chillis to 
a point ju.tt proxim.al to the poplite.al sp.ace. The skin 
edges are protected by sterile towels or gauze sivngrs 
which arc seevired by a continuous silk suture. The fascia 
overlying the calf mu'cles is then incited ovir the entire 
length of the wound, and relracte-l laterzilly. By blunt di'- 
«ection with th.e finger, tl’.e tricejK surac nvncles (ga'trr'r- 
nemms and soleu'^) arc i'olated tr gfthrr ir-un t'r j.l.mt.iris 
nnwcle. tlie p ''tcri 'r tibi.i! .and j^r. :y.-.l n-rvr., ruid the 
tnU'chs inur.e iiat'. ly pxt'-ri'r to th.e til it a-.l f.'u'n. 
7!;:'- frse* t.he irieepo 'urr.- tnu'ciei 'V 'ent at ih-ir < ri.'u'.' 
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When the desired position for the rubber tonrnifinet is 
obtained, the loop is closed as tightly as possible and 
secured by a tape tic which was previously placed (sec 
diagram, Figure 1).' The tendo Achillis is ligated so as 
to occlude the blood flow at that end. The incision is 
closed. 

At the end of 5 hours, the wound is prepared, draped, 
and opened at its proximal end. The tournif|uct is divided 
and removed. The arteries distal to the site of the tourni- 
quet are palpated, and the veins are emptied by mild 
manual pressure and allowed to refill in order to estimate 
the integrity of the circulation. Other methods to estimate 


this are de.scribed later. The wound i*. then re.NUtnml and 
the limbs returned to the extended jiosition. 

When complete isolation of the triceps surae from the 
surrounding tissues is desired, the technique is modified 
at (he time of the first procedure as follows. The teiirlo 
Achillis is divided close to its insertion :inrl (he cut ends 
ligated. A rolled rubber sheath is then unrolled over the 
mu.sclcs as far as the tourniquet. The prox-imal fo[)en) 
end is anchored in position by a small rubber baiul. The 
skin and fascia arc then closed in one layer by a continii- 
ens silk suture and the limbs are brought into extension. 
Five hours later the tourniquet is removed as described 



Five HOURS LATCR 



Fig. 1. Diagrams Illustrating Technique of Muscle Ligation (For explanation see text) 
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Fig. 2, Graph of Changes in Measured RADioAcnvriY Following Release of Ligatures, after Injecting 

Na” into Ligated Muscles 

The natural logarithm of the (positive) difference bctvs'ccn each reading and the equilibrium reading * has been 
plotted against time. Tlie half-period in each case is indicated on the curs-e. Note that each set of observations, 
plotted in this way, approximates a straight line, indicating that equilibrium is approached through a simple expo- 
nential curve. As noted in the text, tlie cun’es thus calculated always slope downwards whether loss or uptake 
of the isotope is measured. 

34a. Readings taken in left axilla after release of right muscle group (containing Na”)- 

34b. Readings from area of left muscle group following its subsequent release. 

35. Readings taken over right muscle group (containing Na”) following its release. 

36. Readings from left axilla, as in 34a. 

♦ All readings corrected for background and for decay of the isotope. 


above and the wound closed. If fluid collection from the 
lourniquclcd muscle is desired, the following procedure is 
utilized. 

Fluid cotfccliou. The wound is reopened throughout 
its entire length and tlie rubber tourniquet is divided and 
removed. Ttic open end of the sheath is then carried as 
close as possible to the muscle origins. The dosed distal 
tips of the sheath is incised and the end of a cur\-cd glass 
tube about 1 cm. in diameter is inscrtctl. This is secured 
by several ligatures placed about the sheath al>ovc and 
IkIow a collar on the tube. At the distal end of the tube 
is placed a length of ruWicr tubing, wliich had Ijccn previ- 
ously folded on itself, secured by a ligature, and covered 
by .a sterile gauze sponge (sec Figure 1). The tu!>e is 
then !al out of the dist.al end of the incision or through 
a »tnb wound on ih.e l.atcral skin flap. The skin and fa«ci.a 
are closed in one layer with a continues si'.k suture and 
the gla*s t«l*e is ant!iore<l to the slun by a purte-itring 
stiture which is ticii proximal to a C'-'iar on ti'.e tuV. 
The legs are brought into extenri-n an! •'curod. Tl'e 
gauze cap i< removed from the ru’-'mr tu! in.-: ars! the 
tubing unfolded. The di'tal en 1 c i th.e !u' inn :« then 


placed over a sterile glass tube which had been inserted 
in a rubber stopper attached to a sterile suction flask. 
Sterile cotton is inserted into the open end of the side 
arm of the flask. The flasl: is then immersed in a l?eakcr 
of ice and water which is placed on n shelf attached to the 
operating table. Thus the fluid which c.xudcs from the 
muscle is collected in the flask. Fluid comes out rapitfly, 
usually after a short I.ig pcriorl, and after some hours th.e 
flow subsides. Tlie collection is continued for .nliorst 5 
hours or until tlie muscles cea'e to yield fluid. 

Rcfsiablishn-.cr.t cj eircuhtirn jcUirtL-i-.q cunxii. In ad- 
dition to ohsen-atiens on arteri.il pulsation :n mu’clss 
following rclea«e of ligature', radiairtive tracer* were 
employed in seme ca'es to determine remta! ’••.hment ff 
circuIatiz'rL Ju*t Ic.^’cre the Irnatures svere ! rr 

2 ml. of ifotcnic ♦•'liurn cl’,!''r!!'‘ C'-ttr-inirn a tn'tz'le 
am'‘'unt of radi-ertive !'>l;um v.rre in'-et-I :mo 
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lease of tourniquet, there was a prompt decrease in radio- 
activity over the injected area and increase over other 
areas in all cases. Final readings were taken after equi- 
librium had apparently been reached. 

On the supposition that redistribution of the isotope 
inside and outside the muscle might reach equilibrium 
through a simple exponential curve, the logarithms of 
the differences between each reading and the final equi- 
librium reading were plotted as ordinates against the time 
after release of ligatures. It will be noted that by plot- 
ting the logarithm of each difference as a positive value, 
all curves will show a downward slope whether one is 
measuring loss of isotope from the injected area or its in- 
crease in other areas (y = K(l — S-“) or y = KS-*‘, re- 
spectively). The resulting graphs showed approximately 
straight lines in all cases (Figure 2), and from these 
slopes half-periods have been calculated (t.c., time re- 
quired for the exchange to become half completed), A 
tabulation of the findings follows : 

Dog 34. Muscles were isolated by sheaths (not 
drained). Na’‘ was injected into the right gastrocnemius 
muscle. Readings taken over the left axilla (a) showed 
increase of radioactivity with half-period IS minutes, fol- 
lowing release of right muscle group. Thirty minutes 
later, the left muscle group was released while readings 
were made over this area (b), indicating penetration of 
Na“ into the uninjected muscle. Half-period 3% minutes. 

Dog. 35. No sheaths used in this experiment. Na*‘ 
injected into right gastrocnemius muscle; axillary read- 
ings made while ligature was released. Half-period 10% 
minutes. 

Dog. 36. Muscles were isolated by sheaths (not 
drained), Na’* injected into right gastrocnemius muscle; 


axillary readings made while ligature was released. Half- 
period 10% minutes. 

In 2 additional experiments the state of the muscle cir- 
culation was tested before and after release of ligatures 
by a semi-quantitative procedure. Immediately following 
application of ligatures, I ml. of 1 per cent plicnol red 
(10 mgm.) was injected into the substance of each muscle 
group. Urinary excretion of the dye was then followed 
and calculated as percentage of the injected amount. The 
results follow: 

Dog 47. Muscles were sheathed and drained. Excre- 
tion of the dye in the first hour after application of liga- 
tures was 3.8 per cent. Excretion in following 4 hours, 
1.5 per cent. In 35 minutes after first release 4.6 per cent 
was excreted; second ligature was then released and 5.9 
per cent was excreted in the ensuing 40 minutes. Total 
excretion in 14 hours, 34.4 per cent. 

Dog 48. Sheaths were not used. During S-hour period 
of application of ligatures, 0.4 per cent of tlie dye was 
excreted. In 30 minutes after first release, 5.7 per cent; 
in 1 hour after second release, 11.2 per cent. Total in 
10 hours, 33.9 per cent. 

In the first case tlicrc was escape of dye soon after in- 
jeetion, which did not occur in the second case. In both 
cases a prompt c,xcretion occurred following release of 
each tie, confirming the results with Na’‘. 

The above results show that the procedure usually 
causes a nearly complete cessation of circulation in the 
muscles, and that prompt reestablishment of the circula- 
tion after release of ligatures is the rule. 

Mass of vtusclc involved. In a few cases the triceps 
surae groups were weighed cither before or after release 
of ligatures. Three specimens taken while ties were in 


TABLE 1 


Results of muscle tying procedure 

(Average values for blood pressure, venous oxygen content and blood hemoglobin at various stages in the procedure) 



Number 

of 

dogs 

Initial 

Before 1 

release 
of ties 

! 

30 minutes 
after release 
of tics 

6 hours 
after release 
of ties 

(Final) range 

Without drainage — no shock 

Blood pressure 

7 

113 

130 

124 

100 

90 to no 

mm. Hg 

Venous Oj 

2 

14.3 

14.1 

12.5 

9.1 i 

8.4 to 9.8 

volumes per cent 

Hemoglobin 

i 

1 2 

12.8 

16.6 

16.6 

17.8 

16.0 to 19.6 

grams per cent 

Without drainage — shock* 

Blood pressure 

3 

133 

141 

125 

59 

46 to 68 

mrn. Hg 

With drainage — no shock 

Blood pressure 

35 

128 

146 

134 

118 

80 to 140 

mm. Hg 

Venous O 2 

8 

13.3 

14.3 

11.2 

12.2 

6,0 to 16.7 

volumes per cent 

Hemoglobin 

7 

13.0 

13.5 

13.8 

' 16.3 

14.8 to 20.8 

grams per cent 








Note: The 10 dogs submitted to simple muscle tying without drainage have been divided into 2 groups depending 
upon whether shock occurred (defined arbitrarily as blood pressure below 70 mm. Hg). No dogs in Sie group treated 
with drainage showed signs of shock, 

* No values available for venous oxygen and hemoglobin. 
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place had a mean weight equivalent to 0.35 + 0.08 per 
cent of body weight; 7 specimens taken 6 hours after re- 
lease weighed 0.52 + 0.08 per cent of body weight. Thus, 
the total mass of tissue involved in the bilateral procedure 
includes roughly 1 per cerit of body weight. 

RESULTS 

U^icomplicated muscle ligation. Ten dogs were 
subjected to the procedure without drainage o! 
fluid, the muscles being tied bilaterally for a S%- 
hour period. Six hours after release of the liga- 
tures, 3 of the 10 dogs had blood pressures below 
70 and were considered to be in shock. Two of 
these died within the next hour and the third was 
sacrificed. The remaining 7 had blood pressures 
ranging between 90 and 110, and were considered 
not to be in shock. Two of these were sacrificed 
within 7 hours and the remainder were allowed 
to survive from 20 to 38 hours. In Table I, we 
have summarized observations on these dogs which 
have been divided into 2 groups depending upon 
whether or not shock occurred. In 2 dogs without 
shock, observations were made on venous oxj'gen 
content and on hemoglobin. A moderate hemo- 
concentration was observed, and the venous oxy- 
gen levels declined somewhat suggesting a de- 
crease in cardiac output. 

Procedure with drainage. All 35 animals in this 
group failed to show evidence of shock within 6 
hours after release of ligatures. Table I shows 
that there was little cliange in the venous oxj’gen 
content, but hcmoconcentration rcgularlj’ occurred 
after release. 

In addition to the experiments tabulated here, 
a number of dogs were subjected to considerable 
bleeding (over 0.5 per cent of the bodj’ weight 
cquiv’alcnt in blood), and these will be discussed 
elsewhere. Seven dogs done without sterile pre- 
cautions, of which 5 received 500 mgm. sodium 
thiocyanate intravcnouslj’, and all of which were 
bled an amount exceeding I per cent of bodj* 
weight, have been omitted from the present series. 
Although all of these dogs developed shock within 
5 hours after release, it is clear tl'.at th.e procedure 
was complicated by other factors potentially detri- 
mental to the ciradation. 

Accumuh'.iion of fluid. Local swelling was al- 
tuost invariably ob.'cra-cd following rdc.ase of ties. 
It will he seen (Table I) that b.emoconccr.tration 
ocairrcJ in tb.osc an::r.,als ’.vhere drainage was 
not cmplovcd. as well r.-< in tb.osc v.’.'.otc c.xtra'.’a- 


sated fluid was drained. Unfortunately, there are 
no data to show the degree of hemoconcentratipn 
in the 3 tvhich developed shock. 

In an attempt to improve the jdeld of fluid from 
drained muscles, slow infusions of physiologic salt 
solution w’ere given intravenously over a 2 to 3- 
hour period beginning before release of the liga- 
tures. The amount of fluid given was approxi- 
mately equal to the animal’s theoretical plasma 
volume. Such experiments are compared with 
controls in Table II. It is seen tliat there is wide 
variation in fluid output in both groups of animals 


TABLE ir 

Effect of intravenous saline infusion on production of fluid 
following muscle ligation 



Number 
of dogs 

Fluid 

produced 

Range of 
vaiucs 

No infusion 

Saline infusion* 

23 

38 

rrJ. ffr 
vutdian rctue 

5.3 

15.0 

rrj. per kcm. 

0 to 20 

2 to 33 


• Average amount of fluid administered = 55 ml. physi- 
ological saline per kgm. body weight. 


but that the average output is approximately 
trebled when tlie saline transfusion is given. 
Nearly one-fiftli of the administered fluid was re- 
covered b>’ muscle drainage. 

Absorption of intracellular constituents. In 4 
dogs, 2 treated with drainage, and 2 without, 
plasma creatine determinations were made (7), 
In Figure 3, it is seen that the plasma creatine, 
which is essentially nonnal during the period of 



Tl-'t I* 
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ligation, rises steadily for at least 12 hours after 
release. This confirms the observation (8) that 
whole blood creatine rises following muscle 
trauma. That muscle injured by crushing loses 
65 to 70 per cent of its creatine has been shown 
(9). It is interesting that none of the 4 dogs 
on which determinations were made developed 
shock. 

The steady increase in plasma creatine in dogs 
not in shock is especially interesting since it sug- 
gests that absorption of a component of muscle 
occurs in the blood stream. Plasma potassium 
and phosphate values, on the other hand, have 
remained essentially constant until shock is pres- 
ent and rise only after renal function has essenti- 
ally ceased. 

Bacterial contamination. Nearly all of the 
fluids obtained have shown bacterial contamina- 
tion, at times very heavy, in spite of the aseptic 
techniques employed. The possible relation of this 
contamination to the shock produced has been 
discussed in a preliminary paper (10) and is con- 
sidered more fully in anotlier paper of this series 
( 11 ). 

DISCUSSION 

The procedure described here was devised to 
produce a controlled type of traumatic damage 
(simple ischemia), over a specified time interval, 
to a definite amount of muscle. Despite the small 
amount of muscle concerned, shock has occurred 
in some instances even when other procedures, 
such as moderate blood losses, were not superim- 
posed. It is notewortliy that local fluid loss and 
absorption of tissue constituents into the circula- 
tion have both been shown to accompany tlie 
procedure. 

By means of an accurate technique for collecting 
the fluid which exudes from the anoxic muscle, a 
separation is possible between those factors pres- 
ent in this fluid and the possible ones absorbed 
directly into the blood stream, as exemplified by 
creatine. The absence of shock where extra- 
cellular fluid is drained implies that such toxins 


as may escape directly into the circulation arc 
inadequate in themselves to produce shock when a 
small muscle mass is involved. 

It is surprising how much fluid exudes from 
these small mu.sclc bimdlcs after anoxia is stopped. 
It appears obvious that solutes must be reabsorbed 
into the general circulation when the fluid is 
allowed continued contact with surrounding tis- 
sues. This, of course, would increase the absorp- 
tion of any toxin which might be present. 

Tiierc arc advantages in not traumatizing an 
excessive amount of muscle tissue. Certain stud- 
ies involving difTcrcnlial factors in the production 
and therapy of traumatic shock may be made 
when a minimal trauma is used, and yet may be 
obscured by the overwhelming shock which fol- 
lows excessive muscular involvement. 

Experiments bearing on tiicse questions will be 
described in the following papers of this scries. 

SUMMARY 

A method is described for the production of 
ischemic damage in a reproducible way to a known 
amount of muscle with subsequent reestablishment 
of circulation. The amount of tissue involved 
comprised about 1 per cent of body weight. 

This method occasionally produces shock (3 out 
of 10 cases) when uncombined with other pro- 
cedures detrimental to the circulation. 

Both local exudation of fluid and absorption of 
muscle constituents into the blood stream follow 
the removal of tourniquets. It is possible, there- 
fore, to assay the relative roles of these 2 factors 
in the production of shock by a reproducible 
traumatic procedure. 

Quantitative collection of muscle exudate can 
be accomplished by this technique. 

Intravenous saline transfusions increase the 
amount of fluid exudation about traumatized 
tissue. 

Advantages of a quantitative method of this 
type in the critical study of traumatic shock are 
discussed. 

Bibliography follows Paper VI of this series. 
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It is recognized that capillary permeability may 
be altered locally in burned or traumatized areas, 
and that the consequent loss of fluid from the 
blood stream is important in producing shock. It 
is less certain whether general changes in capil- 
lary permeability exist outside of injured areas, 
except as a very late phenomenon. It is desirable 
to know also whether changes in permeability’ of 
tissue cells occur in shock, locally or generally, 
along with the reduced capillary blood flow and 
resulting anoxia. The present study was made in 
order to determine whether, in various forms of 
shock, there are important shifts of water or elec- 
trolytes between cells and extracellular spaces. 

A study was made of the body water distribu- 
tion in 5 dogs in which shock was produced by 
hemorrhage and in 3 dogs by hammer trauma to 
a hind leg (12). It was concluded that there is 
a passage of water from extracellular spaces into 
cells following hemorrhage, while in traumatic 
shock there is an unexplained passage of water 
out of cells. Two workers (13) studied the 
water, potassium, and phosphorus content of tis- 
sues in 6 control dogs and 4 dogs in which shock 
occurred following light blows on the thigh, and 
in a larger scries of rats that went into shock 
following rotation in a drum (5). Tissue analy- 
ses made at the verge of death revealed increases 
in muscle potassium and phosphorus of dogs in 
shock, whereas in rats the liver lost potassium and 
phosphorus. The increases found in dogs were 
considered to result from loss of potassium from 
traumatized areas. i\ marked decrease in the 
]>otassinm content and an increase (double or 

' Til!? i? rririp.; No. 0>j c! the Cancer Cf'rT;ni!'*:cn rf 
Harvard 

Tl'.c werk df’cjd'oj in sli-s mper v.c. tp-.t enter a 
con'.ract. rrc-.'inTnmJr-.i I r t!;r Corr.n;'::r-f rn Metical g-. 
'ra!c!% I’S'.wcm ibt OiT-cr of Srirn’.iec gf~''-arcb ani Dc- 
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higher) in the chloride content of traumatized 
muscles was reported with a slight decrease in 
plasma chloride, no consistent change in plasma 
sodium, and a slight rise in plasma potassium, 
becoming marked just before death (6). In crush 
injury it has been observed (9) that the necrotic 
muscle may lose 50 to 90 per cent of its potassium 
and 65 to 70 per cent of its creatine. 

METHODS 

Shock was produced in dogs with the following 
techniques : 

(a) Hemorrhage (6 dogs). This was done by serial 
bleedings until the blood pressure was below 60, after 
which continuous obscrwitions were made until death. 
The initial bleeding was made equal to 2 per cent of the 
body weight; subsequent smaller bleedings were done at 
intervals of "/i: to 1 hour. 

(b) Application of a Duncan-Blalock press (6) (5 
dogs) to one thigh with a pressure of 500 pounds over 
a period of 5 hours, following which the press was 
removed. 

(c) Application of a tourniquet as high as possible on 
one hind leg with sufTicicnt pressure to obliterate femoral 
artery pulsation. The tourniquet was removed after 5 
hours (2 dogs). 

(d) The muscle ligation procedure wiiich has been 
described (~) (7 dogs). In tb.ese animals the triceps 
surac muscle groups were rendered ischemic by tying for 
5 hours, after whidi the tics were removed. 

.Ml of these procedures were carri'-d out utvlcr sfxlium 
pentobarbital anesthesia, .•Niiimals were oriziruilly given 
intravenously 50 mgm. ffvlium pcnti.’orbit.al r>-r kgm. 
with additional do'es of 50 to fO rngm. only wl’.en rest- 
Icss. In addition, me control dog was tnainUair.rd und-r 
sedium pentobarbital an-tti'.f'ia and subjectr!! to oth-r 
prtvcer'.ures common to the cxperim.cnt* toer a lO-b/.-jr p-. 
rirwl and was then ‘arriner-!!. 
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tions were made by the method of Clicstcy (18). Tol.al 
blood removal for these determinations ranped helwern 
100 and ISO ml. Early in llie experiments, 3 (o 4 frr.ims 
of rectus muscle and liver tissue were removed from most 
of the dogs by sterile operative techniques, for control tis- 
sue analyses. At death, rectus muscle and liver were re- 
moved, and in experiments dealing with trauma or 
ischemia samples of sartorius and gastrocnemius muscles 
were also taken. Thus in the Duncan-Blalock press 
group, one sartorius muscle was taken from the crushed 
area, and a gastrocnemius muscle was removed from the 
area rendered ischemic below the clamp in addition to 
the uninjured muscles from the control legs; in the 
muscle-tying group, samples of an uninjured sartorius and 
a gastrocnemius muscle which had been rendered ischemic 
were obtained. These tissues were divided into 3 samples 
of 1 to 2 grams each, weighed, and kept in petri dishes 
frozen over CO- snow. Analyses were made for water, 
fat, hemoglobin, sodium, potassium, nitrogen, and radio- 
sodium. With certain slight modifications, the handling 
and analysis of tissues were done according to the proce- 
dures described by Lowry and Hastings (16). Tissue 
sodium determinations were done by the method of Leva 
(15), and hemoglobin by the procedure described by Cohn 
(19). Tissue chloride determinations became contami- 
nated by hydrochloric acid fumes in the laboratory hood 
and were therefore discarded. From the results of blood 
and tissue analyses, sodium space was determined in the 
tissues, and cell potassium was calculated in terms of 
milliequivalents per kilogram of wet cells, as if sodium 
space represented true extracellular volume. The meth- 
ods of calculation were similar to those of Hastings and 
Eichelberger (20) except that cell potassium has been ex- 
pressed in terms of intracellular volume - instead of intra- 
cellular water. In many animals, one or more lobes of 
the liver were perfused in situ by allowing isotonic sucrose 
solution to flow through the portal vein at a pressure of 
100 to 200 mm. of solution. This was continued until 
blood was practically removed, and analyses were done 
on tissues and perfusates. 

RESULTS 

Total extracellular space. The results of deter- 
minations of thiocyanate and radioactive sodium 
spaces are summarized in the first table. In all 
cases, the Na^'* and thiocyanate lost by removal 
of blood were deducted from each succeeding cal- 
culation, so that the resulting values indicate extra- 
cellular space remaining in the animal. 

All of the variations seen are practically within 
the limits of error of the analytical methods. It 
will be seen that there is a decrease in thiocyanate 
space amounting to 2.3 per cent of body weight 
in hemorrhaged dogs. The individual dogs 
showed changes ranging between 6.6 per cent loss 

- Strictly speaking, non-sodium volume. 
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.13,3 

2 

SCN 

37,7 

37.0 

37,2 

36.7 

35.4 

4 


and 1.8 per cent gain. Since the mean loss is of 
the same order of magnitude ns the amount of 
plasma removed in bleeding, this shift probably 
docs not represent a shift of water from c.xtra- 
cellular space to cells, but serves to indicate that 
no such shift occurred. There was a mean in- 
crease of extracellular space in the Duncan-Blalock 
press group of plus 2.8 per cent; it appears that 
this shift is mainly due to diffusion into the extra- 
cellular space of the leg after removal of the 
press, since the substances were injected after ap- 
plying the press. This will be discussed in the 
next sections. 

In agreement with the interpretation that there 
is little or no shift of water between cells and the 
extracellular compartment, it will be seen from 
Table II that plasma chloride values do not show 
any considerable change during the course of the 
experiments. Potassium rises considerably and, 
as has been shown (6), this rise occurs mainly 
just before death. The averages suggest a ter- 
minal rise in plasma sodium in dogs submitted to 
hemorrhage, but the individual data show a de- 
crease in 1, increase in 3, and no change in 2. 

Tissue analyses. Two sets of tissue analyses 
were obtained for sodium and potassium. Values 
obtained by the 2 sets of analyses differed slightly, 
and in the case of each electrolyte 1 set was con- 
sistently higher than the other. The values shown 
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TABLE II 


ilfean values for plasma chloride, sodium and 
potassium in shock 



Plasma 

Cl 

Plasma 

Na 

Plasma 

K 




■ m-ci-lt. 

Hemorrhage 
(6 dogs) 


139 

3.61 

Before hemorrhage 

112 

I hour after 

113 

141 

3.51 

2 hours after 

113 

139 

3.61 

3 to 4 hours after 

114 

140 

4.10 

Terminal 

116 

149 

5.90 

Duncan-Blalock press 
(5 dogs) 

no 

[ 

135 

3.38 

Control 

Clamp on 1 hour 

no ! 

141 

3.15 

Before removal 

108 

143 

4.00 

1 hour after removal 

108 

141 

4.15 

Terminal 

107 

137 

6.82 

Muscle ligation 
(7 dogs) 


i 

i 

3.84 

Control 

114 

142 

1 hour after tying 

112 

144 

4.27 

Before release 

113 

149 

4.03 

1 hour after release 

113 

148 

4.03 

Terminal 

113 

144 

6.41 


in Table III are from the set of analyses in which 
control tissues gave closest agreement with pub- 
lished tissue analyses (20, 21). In general, the 
trends observed were followed in both pairs of 
analyses and in the case of sodium; the same 


trends were also seen in radioactive sodium 
analyses. 

As sho^vn in the table, significant changes in 
tissue composition are seen only in the case of 
analyses of crushed sartorius muscle in the 
Duncan-Blalock press group and tlie tied triceps 
surae muscle. In these muscles, the sodium space 
is increased and the potassium content is de- 
creased correspondingly. It is of interest that 
the muscles which were ischemic because of their 
position below the Duncan-Blalock press do not 
show these changes, although muscles made 
ischemic by the ligation technique are similar to 
crushed muscles, suggesting that operative isola- 
tion and handling of the muscles in the ligation 
procedure may be partly responsible for the 
changes, or, more likely, that collateral circulation 
occurred through bone in experiments using the 
press. 

It appears that the mean sodium space of rectus 
muscles after hemorrhage is somewhat less than 
that of muscles removed at biopsy. This can 
partly be explained by lower blood content deter- 
mined from hemoglobin analyses (3.5 per cent as 
against 7.4 per cent). After correcting for this, 
the significance of the difference is doubtful. 

Results of liver perfusion at death showed that 
under the conditions used, blood was virtually rc- 


TABLE m 


Sodium space of tissues, tissue potassium, and cell potassium concentrations* 



n,. 

Ki ) 

K. 

Kf.V 

Mean 

c 

n 

Mean 

V 

r. 

M^n 

9 

n \ 

Mnin 

9 

w 

Muscle 













Biopsy 

2S.9 

7.4 

9 

S1.7 

5.8 

14 

110.3 

10.4 

9 

2.SS 

0.19 

6 

Hemoahage 

1S.3 

6.9 

4 

100.6 

10.8 

4 

124.8 

21.3 

A 



0 

Duncan-Blalock press 













Normal 

29.7 

6.6 

12 

82.0 

14.0 

13 

115.4 

20.6 

12 

2.51 

0.29 

13 

Crushed 

59.5 ’ 

10.1 

4 

38.8 

12.7 

4 

89.7 

11.2 

4 

1.51 

0.47 ' 

4 

Ischemic 

27.6 ! 

1.6 

4 

S0.5 

20.1 i 

4 

t 

109.6 

25.7 

• 

2.56 

0.26 1 

4 

}\fusclc Ui^ation 





i 








Korm.al 

32.6 ■ 

3.0 i 


85.1 ! 

S.5 

4 


5.8 


2.77 

: 0.10 

1 « 

Ischemic 

60.8 


2 1 

52.0 


2 



I 2 i 

1.85 

! ! 


Liver 









1 


1 


Biopsy 

.n.4 

5.9 

10 ! 


13.1 

12 1 

nvm 

13.9 

9 

2 40 

0 28 i 


Hemorrhage 

26.7 



86.0 



Itnl 


2 i 

i 

( 

0 

Diinr.an-Bialock press 


2.n 


79.0 

12.7 



20.0 ^ 

4 i 

? 


4 

Muscle lie.ation 




mm 




1 1 

1 \ 

: i 

2.t9 
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moved from the organs after perfusion with about 
4 volumes of isotonic sucrose solution. At this 
time, extracellular ions (sodium, thioc 3 'anatc, chlo- 
ride) and also considerable amounts of potassium 
were being removed in decreasing amounts in the 
perfusion fluids. Extracellular ions and potas- 
sium also perfused readil)' from the liver of the 
control dog. Liver perfusions bj' our technique, 
therefore, do not give an accurate indication of 
extracellular space,. since extravascular and even 
intracellular components are removed while blood 
cells are still being washed out. 

DISCUSSION 

The data presented above give no indication 
that there is any consistent shift of water or elec- 
trolytes into or out of cells in shock, barring what 
may occur locally in traumatized regions. This 
is made clear by the estimations of thiocyanate and 
radioactive sodium space in which any apparent 
slight increase in extracellular volume can prob- 
ably be accounted for by local shifts in the trau- 
matized regions ; it is noteworthy that such shifts, 
when they occur, take place mainly within 2 hours 
after removal of clamps and ties at the time when 
local edema is manifest, rather than terminally 
when shock is greatest. Though the tissue analy- 
ses reported leave much to be hoped for as regards 
consistency, it appears clear that there is a marked 
loss of potassium and gain in sodium by the 
clamped and the tied muscles, while there is no 
change in the sodium and potassium of liver or 
other muscles within the rather wide limits of 
variation encountered. Any such shifts in extra- 
traumatic areas could only be demonstrated by a 
more refined technique. Even if they were found, 
they might be of doubtful application to human 
shock, since dogs apparently differ from rats in 
their handling of liver potassium in shock (13). 
It is of interest that certain workers have been 
unable to demonstrate increased capillary filtra- 
tion, except in regions adjacent to trauma (22), 


Areas of traumatization, particularly with the 
Duncan-Blalocic prc.s.s, .sliow con.sidcrablc edema; 
in fact, there is reason to believe that local loss of 
plasma is a most important factor in production 
of shock by such means. It is. therefore, worth 
while to consider whether the shift of tissue water 
to the extracellular compartment observed in these 
muscles may be wholly due to infiltration of the 
tissue with edema fluid. Tlic calculations of intra- 
cellular potassium concentration in these tissues 
(Table III) and in K: N ratio show a dccrca.se in 
cell potassium which is probabl}' bc^’ond the limits 
of experimental variation, and thus suggest that 
there is a loss of cell potassium, in addition to 
edema, amounting in the case of muscle injured 
by the Duncan-Blalock clamp to about 25 to 40 
per cent. In muscle tying, the figures suggest 
that the loss is smaller. Our results confirm the 
conclusions of others (6) that the electrolyte 
changes in shock and in adrenal insufliciency differ 
fundamentally, although the plasma potassium is 
elevated in both conditions (6, 23). 

SUMMARY 

Extracellular space measurements and tissue 
and blood electrolyte determinations were made 
on dogs in which shock was produced by hemor- 
rhage and by 3 procedures producing trauma or 
ischemia. 

No evidence was found of significant changes 
in the extracellular space of the whole body with 
these procedures except that which occurred lo- 
cally in traumatized areas. 

Plasma sodium and chloride did not show any 
significant changes; increase in plasma potassium 
terminally, as reported by others, was confirmed. 

Tissue analyses showed marked loss of potas- 
sium and gains of sodium by muscles which had 
been directly traumatized or tied to produce 
ischemia. This change was probably due in part 
to local intra- or extra-cellular edema and in part 
to net loss of potassium from injured cells. 

Bibliography follows Paper VI of this series. 



THE TOXIC FACTORS IN EXPERIMENTAL TRAUINIATIC SHOCK. 
HI SHOCK ACCOMPANYING MUSCLE ISCHEIMIA 
AND LOSS OF VASCULAR FLUID ^ 

Bv S. S. KETY, I. T. NATHANSON, A. L. NUTT, A. POPE. P. C. ZAI.iECNIK. 

J. C. AUB, and a. M. BRUES 

{From the Medical Laboratories of the Collis P. Huntington Memorial Hospital of 
Harvard University at the Massachusetts General Hospital, Boston, Massachusetts) 

(Received for publication April 9, 1945) 


A discussion of the hemodynamic factors in- 
volved in the production of traumatic shock has 
already been presented (24). It was concluded 
that on the basis of both clinical and experimental 
observations, local loss of vascular fluid into the 
traumatized areas must be considered the principal 
cause for the development of shock following 
injuries, but that other factors such as nociceptive 
nervous impulses and hypothetical toxins elabor- 
ated in the damaged tissue have not been ruled 
out as contributory elements in tliis process. This 
paper will be concerned with describing a further 
attempt to demonstrate the action of a toxic factor 
by the use of the triceps surae ligation procedure 
previously described (14). 

The theory of traumatic toxemia has been 
based upon two tj^cs of experimental studies. 
One of these has consisted of the parenteral ad- 
ministration to normal animals of various extracts 
and products of both normal and damaged tissues 
with the development of a shock-like state in tlie 
recipient. The significance of experiments of this 
sort will be discussed subsequently (25). 

A more direct approach to the problem consists 
in producing shock in animals by actual trauma- 
tizing procedures of such a nature as to permit 
measurement or control of other factors (fluid 
loss, neurogenic) and hence an craluation of the 
possible ctiologic role of toxins. Pioneer studies 
of this sort were carried out during the first World 
War (26, 27, 1). The findings were interpreted 
as indicating the operation of a humoral .agent in 
the pathogenesis of shock and resulted at the lime 
in a widespread acceptance of th.c thcorj- of 
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traiunatic toxemia. These conclusions, however, 
have since been considered as inconclusive because 
of incomplete estimation, of the local fluid loss 
which probably occurred in their animals (28 to 
31). 

Recently, traumatic shock was induced in dogs 
by repeated hammering of an extremity, and local 
fluid loss was measured by a water displacement 
tedmique (32). They concluded that although 
local fluid loss was a major etiological factor, it 
alone in their experiments was insufficient to pro- 
duce fatal shock. In their series of 20 dogs, 
however, the average local fluid loss was 3.4 per 
cent of the body weight and 80 per cent of the 
animals exhibited a local fluid loss of over 3 per 
cent of the body weight. These figures are of the 
same order of magnitude as the amounts of simple 
hemorrhage which most investigators find ncccs- 
sarj’ to produce shock (33 to 41). Consideration 
should also be given to the fact tliat their measure- 
ments of effusion gave minimal values and that 
plasma loss might be more detrimental tlian loss 
of similar quantities of whole blood. 

Some investigators have attempted to demon- 
strate the operation of toxic factors by cross 
circulation experiments of \aia'ing degrees of com- 
plexity (42 to 44). Although it is likely tint 
toxic factors, if present, might exert some effect 
on the untraumatized animal of a cross-ciradalcd 
pair, it is obvious that this animal would lt)?c 
^•a5cu!ar fluid into the traumatize?! limb of th.c 
other. It is surprising tint positive rcsu.lt.s with, 
such experiments were not more frcriucnt. P.or.og- 
nizing tin's difficulty, ttvo group= luivc .-.'.tern: ted 
to avoid it by fub-tituting fie cn ■ ' citculr.tior;, 
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the latter was interpreted as evidence for the 
action of a toxic factor arising in tiic traumatized 
region of the former (32), Since the local fluid 
loss is almost entirely plasma, while the cross 
transfusions are equivalent only in terms of whole 
blood, it is apparent that in these experiments as 
in the simple cross circulation experiments the 
normal animal continues to lose plasma into the 
traumatized limb of the other. Shock produced 
in normal dogs by cross transfusion with a heart- 
lung traumatized limb preparation was assumed 
to be due to the action of a toxin (45). In each 
of the four experiments reported there was a local 
loss of fluid of about one liter into the traumatized 
limb. How much of this came from the normal 
dog it is difficult to judge, since the authors fail 
to state the volume of blood in their reservoir. It 
could, however, have represented an appreciable 
plasma loss from this animal if the hematocrit of 
the blood infused into the latter was higher than 
that of the blood simultaneously withdrawn. Two 
things should be noted regarding these experi- 
ments; in many cases blood may have been trau- 
matized, and in the cases cited the results of ex- 
periments have been variable. 

Using a bandaging technique to minimize local 
fluid loss on sympathectomized and spinal animals, 
it has been concluded that there was evidence for 
the operation of some factor other than local fluid 
loss (46 to 48) . Quite recently evidence has been 
presented that trauma plus ischemia, but not 
trauma alone, results in shock even when the re- 
duction in blood volume incident to the local fluid 
loss is corrected continuously (4). Although no 
conclusion was drawn regarding toxic factors, it 
would be important to rule out possible neuro- 
genic elements before these experiments are re- 
garded as the good evidence which they appear 
to be for the operation of the products of damaged 
and ischemic tissues in the production of this type 
of shock. In summary, the evidence for the 
toxemic theory of shock, while suggestive, is based 
upon experiments where it has been difficult to 
control other causative mechanisms. 

Nor is the evidence against the toxemic theory 
conclusive. Experiments in which local fluid loss 
is measured and found to be sufficient to cause 
shock (28, 29, 31, 49 to 51) were of great value 
in establishing the importance of this process in 
the pathogenesis of traumatic shock but do not 


rule out the possible coiitrilmtory role of other 
factors. It ha.s been .shown that when local fluid 
lo.ss in regions of trauma is artificially rc.strictcd, 
.shock doc.s not occur (3, 4, 46). Although such 
cxperimenl.s .speak against the likelihood that 
factors other than fluid loss can cause shock, they 
do not rule out the possibility that such factor.s 
may facilitate or aggravate the efTccts of reduced 
blood volume. It is conceivable that there may be 
in traumatic shock certain humoral substances re- 
leased from areas of tissue damage which have no 
specific effect on the intact circulator)' system and 
could not in themselves cause shock or even a fall 
in blood pressure, yet by virtue of their effects on 
cell metabolism could play a role in lowering the 
resistance to blood loss or ano.xia. Experiments 
in the past have not been designed either to es- 
tablish or disprove the existence of such factors 
and for that reason the present work was under- 
taken. A localized area of tissue damage was pro- 
duced in a scries of dogs, and these animals to- 
gether with a group of untraumatized controls 
were subjected to controlled hemorrhage. It was 
felt that by comparing the incidence of shock in 
the two groups, the possible role of factors other 
than vascular fluid loss could be evaluated. 

METHODS 

Mongrel street dogs were used in all experiments. They 
were anesthetized with sodium pentobarbital in an initial 
dose of 30 mgm. per kgm. of body weight and subscqucsit 
doses of 30 mgm. as required. The muscle ligations were 
performed according to the procedure described in the 
first paper of this scries (14) but without sterile precau- 
tions. Rubber ligatures were kept in place for S hours 
and then released. During this interval tlie animals were 
bled from a catlieter inserted through the external jugular 
vein into the right auricle, in steps of 1 or 0.5 per cent 
of body weight at about 30-minute intervals until the total 
bleeding reached a predetermined amount from 0 to 3 per 
cent of body weight. Control animals were not operated 
upon but were bled corresponding amounts at tlte same , 
time. 

Blood pressures were taken at frequent intervals by 
means of a needle inserted into the femoral artery and 
connected to a mercury manometer. Determinations of 
venous oxygen saturations and hemoglobin concentrations 
were made on mixed venous blood obtained from the right 
auricle. Blood loss incidental to the operation and to the 
blood pressure measurements was estimated by saving all 
sponges used and determining the hemoglobin content of 
an aqueous extract. 

The release of the muscle ligature is immediately fol- 
lowed by a progressive swelling of the limb which begins 
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in the gastrocnemius and spreads throughout the leg from 
the thigh to the ankle. In some dogs an attempt was 
made to measure the amount of this local fluid loss in 
the following manner. 

On the medial aspect of the closely-shaved leg an ink 
line is drawn longitudinally bisecting this surface from 
the groin to the internal malleolus (Figure 1). At 8 
equidistant points along this line, and in each case per- 
pendicular to it, circumferences are drawn about the limb. 
By treating the segment of limb behveen the 2 extreme 



Fig. I. IiiusTiiATioK of the Method Used in Calcu- 
lating Fluid I-oss into a Limb 

ciraimfcrcnccs as a flcxedi truncated, elliptical cone with 
1 semi-axis twice the length of the other (an assumption 
wliicli can be shown to fit the actual shape remarkably 
closely), if is possible to derive the volume of this seg- 
ment in terms of the length of the longitudinal axis (h) 
ami the mean of the squares of Uic several circumferences 
(c’) thus: 


Gilcid.itioa of the volume of a limb segment obtained by 
this melho;! agreed within 2 per cent of that observed by 
w.itcr di'pbicemmf. bfeasurement of the increase in vol- 
ume of the limb by thU technique is. however, minimal 
since only a l.irge segment of the leg is included, and it is 
knouTi that j;:ch fluid sliorcts its way r.-t C".!y ti:rouehc<-ut 
the limb but csxn into tbe t'sr.v;*. To !e«t the recoverv 
<'! .edd.-d fluid by tlu! tech.nique, Imn-.sn guantitie-s cf 
jda'tna wrtc lujrttr-d into tbe limb ef a dead d-,- anj 
tb.f j!;r:ra«e ut sedurr'e iletrTm'.n—h There was a c*--!- 
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nique have, therefore, been corrected by a factor of 1.25 
in an attempt to appro.ximate the true magnitude of tlic 
effusion. This technique was used because it permits 
frequent determinations of local fluid loss throughout tlie 
course of the experiment 

The animals operated upon were followed for at least 5 
hours after the release of the ties and the controls for 
a corresponding length of time. 

RESULTS AND DISCUSSION 

The experimental data and results are presented 
in Tables I and II. The last column indicates the 
development or absence of shock, the criteria for 
tvhich included a progressive decline of blood 
pressure to below 70 mm. Hg, and (where tliis 
was measured) a consistently depressed mixed 
venous ox)'gen saturation. 

There - were 41 dogs with muscle ties plus 
hemorrhage and 23 dogs with hemorrhage alone. 
The operative blood loss was measured in 23 of 
the dogs operated upon and 11 controls which 
were only bled. The average operative blood loss 
in the 23 operated dogs amounted to 0.5 per cent 
of the body weight, and this figure was used in 
estimating the total blood loss of those dogs in 
which the operative loss was not directly deter- 
mined. Similarly, tlic average incidental blood 
loss in tlic 11 dogs with hemorrhage alone 
amounted to 02 per cent of body weight and 
this was added to the purposeful blood loss of 
other such animals in which it was not measured. 

The cfTusion into the operated limbs was 
measured in 7 dogs. In these dogs the measured 
cfTusion was multiplied by 1.25 to obtain an esti- 
mate of the total cfTusion as described .above. 
The average measured cfTusion was 1.3 per cent 
d: 0.2 per cent of the Itody weight, and tin's fig- 
ure multiplied by 1.23. or 1.6 per cent, v.ns u.ccd 
in estimating the total fluid loss in !ho.<^.c dog.s in 
which the cfTusion w.as not directly mea'^ured. 

The calculation gives a value tor tlic efTurion 
which i.s almost certainly mininuil. .-iny flui l 
dissecting its wav suj'crinrly into t'n.'* fl:;r;k or 
along tlic Iiack w.a^ not rne.arurcd f.y t';- 
cmplcycsl. Til:.' !:a' 1-tcn hv no n'-'.-an- niyligil ’c 
amount in simil.ar cxi>cr:mrr.t' .'2i. In 

ad'iit:C'n, :r,r' n^ r'crril''r r.ni'urit ■ '1 u: 
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Number 
of dog 

Weight 

1 

kgm . 

17.5 

2 

19.0 

3 

17.5 

4 

10.0 

5 

14.5 

6 

10.5 

7 

20.0 

8 

16.5 

9 

15.5 

10 

12.0 

12 

22.5 

18 

21.0 

67 

18.0 

70 

17.5 

73 

15.5 

76 

21.0 

79 

20.5 

82 

17.0 

85 

12.0 

88 

19.0 

91 

15.0 

94 

32.5 

97 

18.0 


TABLE n 

Observations on dogs with hemorrhage alone 


Blood loss 

Hemoglobin 

Venous Oi 

Blood pressure 

Operative 

Samples 

Purposeful 

Total 

Initial 

Final 

Initial 

Final 

Initial 

Final 

per cent of body iveieht 


grams per cent 


mm . 

Bg 

0 2 

4.6 

4.8 






34 

0.2 

2.1 

2.3 

15.4 

15.4 



9 a 

20 

0.2 

4.4 

4.6 

ll.O 

9.9 




30 

0.2 

4.8 

5.0 

11.6 

5.5 




46 

0.2 

5.9 

6.1 

14.3 

9.0 



■PI 

28 

0.2 

5.0 

5.2 

17.4 

16.0 




36 

0.2 

5.7 

5.9 

12.3 

15.1 



118 

56 

0.2 

5.9 

6.1 

9.7 

13.8 




36 

0.2 

1.8 

1 

0 

2.0 

12.0 

13.1 




100 

0.2 

3.6 

3.8 

12.6 

12.4 



142 

68 

0.2 

3.4 

3.6 

16.0 

13.3 



148 

35 

0.2 

1.4 


0 

1.6 

12.7 

17.4 



160 

138 

0.1 

0.1 


2.0 

2.2 

13.9 

15.9 

60 

37 

136 

50 

0.1 

0.2 


1.0 

1.3 

16.2 

20.2 

64 

37 


132 

0.1 

0.2 


1.5 

1.8 

14,1 

19.2 

70 

29 

146 

112 

0.2 

0.2 


2.0 

2.4 

11.2 

14.6 

84 

42 

150 

125 

0.2 

0.1 


1.3 

1.6 

17.2 

16.1 

90 

75 

163 

120 

0.1 

0 


l.S 

1.6 






45 

0.5 

0.2 


2.3 

3.0 

13.9 

17.7 

74 

27 

140 

38 

0.1 

0.1 


2.3 

2.5 

16.7 

16.3 

65 

50 

160 

116 

0.3 

0.2 


2.0 

2.5 

13.8 

15.2 

41 

60 

160 

120 

0.7 

0.1 


1.7 

2.5 

12.4 

16.7 

32 

73 

165 

94 

0.2 

0.2 


3.0 

3.4 

13.2 

12.1 

92 

54 

155 

157 
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to result in a somewhat higher average blood loss 
in the latter type of experiments. In spite of this 
difference, our results in both the operated and 
control series are quite comparable to most values 
obtained by other investigators for the amounts 
of blood loss necessary for the production of 
shock in anethetized dogs (33 to 41). The 
relatively high incidence of shock (35 per cent) 
in dogs with a total fluid loss of from 2 to 3 per 
cent of the body weight is not remarkable in view 
of the repeated obser^’ations of many authors that 
some dogs arc unusually susceptible to hemor- 
rhage. Thus shock has been produced by bleeding 
'logs frotn 1 to 2.2 per cent of bodv weight (34, 
5, 37, 39). 
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There is, therefore, no evidence that under these 
experimental conditions any agent derived from 
ischemic tissues is acting generally cither to en- 
hance the severity of the shock state directly, or 
to sensitize tlie animal to the noxious effects of 
vascular fluid loss. 

Before drawing any general conclusion, how- 
ever, it is nccessai^- to note the limitations of tlicsc 
experiments. (1) No effort was made to con- 
trol possible neurogenic stimuli from the trau- 
matized areas except that which is incident to the 
use of barbiturate anesthesia. However, any con- 
sequences of nervous stimuli should have resulted 
in a difference between the two scries of animals. 
(2) It is possible that too small a mass of tissue 
was rendered ischemic, and that had such d.amagc 
been greater in extent, noxious influences might 
have revealed themselves. (5) In these experi- 
mems, ischemia with only a relatively minor de- 
gree of actual trautna was prcvluccd. It migh.t 
well be ti'.at similar experiments in coTribinati'-n 
with severe traumatization would reveal tV.c pre'- 
er.ee of toxic sub.'tarcc? dcrivc-l from tl;c traunn- 
tircai and ifcl'.e.mic area. Irdcc', .a recent jtulv 
(24) turn.isl'.rs cwldcrre surge- tin;; ti'.at this :n*.v 
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in these studies may have been too rapid, and that 
the experiments were not prolonged sufTicicnlly to 
bring out more subtle difTcrcnccs in susceptibility 
to vascular fluid loss. Nevertheless, these experi- 
ments fail to demonstrate the presence in the gen- 
eral circulation of any noxious substance liberated 
from ischemic muscle, which accentuates the ap- 
pearance of shock. Local cfTccts which might in- 
fluence the amount of traumatic effusion cannot 
be analyzed in these observations. 

SUMMARY 

A comparison of the incidence of shock caused 
by graded amounts of vascular fluid loss has been 


made in animals subjected to muscle ischemia and 
in a .scries of normal controls. J5y this technique, 
no evidence has been obtained for the production 
in an ischemic region of any agent capable of 
lowering the general resistance of the animal to 
the I 0 .SS of vascular fluid. Following a period 
of ischemia to the triceps surac muscle groups, 
there was a loss of fluid into the legs, averaging 
1.6 per cent of the body weight. The evidence 
indicates, therefore, that the important shock- 
producing factor in muscle anoxia results from 
influences which increase the local loss of vascular 
fluid without producing a generalized toxic action. 

BiblioRrapliy follows Paper VI of tiiis series. 
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The fundamental hemodynamic disturbances 
which characterize traumatic shock may be initi- 
ated by at least 3 different factors : gross hemorr- 
hage or loss of plasma into a traumatized region, 
neurogenic and psychogenic elements, and the ab- 
sorption of toxic materials from traumatized 
regions. Of these etiologic factors, the local loss 
of vascular fluid is generally conceded to be of 
greatest importance (3, 28, 31, 54), while the 
others can be at best but contributory. 

Since tlie original classical experiments of Can- 
non and Bayliss (1), the theory of traumatic 
toxemia has been furthered by two types of experi- 
mental evidence. In one, a state more or less 
resembling clinical shock is produced in animals 
by the parenteral administration of various ex- 
tracts of normal or traumatized tissues or by the 
intraperitoneal implantation of tissue. In the 
other, attempts arc made in various ways to con- 
trol or limit local fluid loss and neurogenic factors 
in c.\perimcntal traumatic shock and to demon- 
strate that an additional factor, presumably trau- 
matic to.xcmia, is necessary' to c.xplain the results. 
This approach has been considered in another 
publication (55) and the present discussion will 
concern itself only with the first type of 
experiment. 

Many c-xperiments have been reported in which 
oitracts of v-arious tissues were found to have 
definite vasodepressive or shock-producing prop- 
erties (56 to 61). Certain techniques (62, 63) 
consist of introducing into the peritoneal cavity of 
dogs whole or pulped liver or muscle. Observed 
rejpibirly were hcmoconccntration, circul.atorv col- 

* This is reprint No. 60S of the Cioccr Commission of 
Ifnrvanl Universily. 

Tlic vu'ti; Ur«crit>oJ in this jvirrr W 2 s ci-i; trsirr a 
contrart. t'j- tli? Cen-.:r.i'.t« cn J.ft-iical Rt- 

jMteh., I'ttworn tht OiT.ro cf Scientific Rcrcirch cr.t! Dc- 
vcioymrr.t anil th.r Ms’sadinrrtts Gmt.'al Ilorriti!. 


lapse, and death within 24 hours. Furthermore, 
at autopsy the viscera consistently showed con- 
gestion, edema, and gastrointestinal hemorrhage. 
More recently, shock was obsen'ed following the 
parenteral injection of extract of striated muscle, 
and adenosine triphosphate rvas implicated as the 
constituent responsible for tliese effects (64). 

In the experiments cited, there have been no 
bacteriologic studies, and in only a few has any 
attempt been made to prevent bacterial contami- 
nation during the course of the experiment. The 
inability to reproduce tlie results of some of these 
experiments, when strict aseptic technique was 
used (65), raises the question as to how many of 
the positive results reported may have been due 
to extraneous bacterial contamination. 

In many of the cited experiments the criteria 
of shock do not appear conclusive. They consist 
cither of death of the animal, certain autopsy find- 
ings, a fall in blood pressure, or combinations of 
the three. In some experiments, hematocrit 
studies have been done in addition and these have 
usually shown a marked hcmoconccntration. 
Death and liyyiotension arc hardly pathognomonic 
of shock, while recent studies in clinical traumatic 
shock without evident hemorrhage have revealed 
a falling hematocrit (66). 

Dosage, rate, and route of administration arc of 
paramount importance in evaluating the toxicity 
of any substance, yet these factors appear to h.avc 
received insufficient attention in experiments on 
the to.xicity of tissue onracts. If one may convert 
to clinical terms the experiments of one investi- 
gator (64), it would require that a l.argc part of 
th.c muscle tissue of th.e Iv-y’v gioun'l. c.xtracted 
and r.'Iministcrcd in one dose in ordrr for sh-ork 
to to'low. It wf;’.:M be dcriralde to ^’rterrnine th.'' 
rate at n]:;ch. s'jbitanres m*::::; be rdeerbed frr-n 
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in the administration of tissue extracts. It is not 
sufficient to demonstrate that substances obtain- 
able from traumatized tissue are toxic; it must be 
clearly shown that they are toxic in the form, in 
the dose, and at the rate of absorption which 
might conceivably occur in clinical traumatic 
shock. 

In view of these considerations, the remarkable 
thing about the injection of tissue products is not 
that they are toxic but that they are so often 
found to be innocuous. In recent experiments 
with lymph from traumatized limbs, noxious 
effects were produced in recipient animals in only 
30 per cent of the trials (67). In one series of 
recipients, normal lymph was found to possess 
toxic properties in 50 per cent of cases (68). The 
consistently negative results which have been ob- 
tained by another group when bacterial contamina- 
tion is prevented have already been mentioned 
(65). Extracts of traumatized limbs were found 
to cause no blood pressure fall or any untoward 
effects when administered intravenously in ex- 
cessive dosage (69). This obsen^ation is par- 
ticularly difficult to reconcile with the thesis that 
significant quantities of shock-producing factors 
may be liberated from traumatized regions. 

The theory of traumatic toxemia can, there- 
fore, hardly be called established, and it seems 
that further experimental work is warranted. The 
muscle ligation technique previously described 
(14) affords a method for obtaining in large 
quantities the fluid which effuses from an area 
damaged by prolonged ischemia. Chemical ex- 
amination of this fluid (70) indicates that it 
represents plasma which passes through the 
damaged capillaries and muscle tissue carrying 
with it products of cellular disintegration. It 
seemed reasonable that toxic factors if they exist 
should be present in such fluid and that a phar- 
macodynamic study of the effects of this fluid on 
intravenous administration might be of value. 

METHODS 

The operation of muscle ligation, release after S hours, 
and fluid collection as described previously (14) were per- 
formed with sterile precautions. The fluid which col- 
lected during the 5 hours following release of the ties 
was centrifugalized and the supernatant fraction frozen 
and preserved on carbon dioxide snow until used. Before 
administration, the fluid was thawed, filtered through a 
few layers of gauze, warmed to room temperature, and 


administered ititravcnou.sly over a period of 15 to 30 min- 
utes, The dose given which approximated 14.7 ml. per 
kgm. exceeded slightly tlie average output (12 ml. per 
kgm.) of the 35 donor animals in this scries. The ani- 
mals used were mongrel dogs in apparently normal 
health, aiicsthctir.cd with sodium pentobarbital. Blood 
pressure was recorded continuously by a mercury manom- 
eter connected to a carotid cannula containing dilute 
heparin or 2.5 per cent sodium citrate solution. Cardiac 
output was determined at intcrv.als using the Pick prin- 
ciple as first used in shock by two investigators (71). 
Mixed venous blood was obtained from a catheter passed 
down one external jugular vein with the tip cither in or 
at the level of the right auricle. Arterial blood w.as 
taken from a femoral artery by puncture. The bloods 
were collected and preserved under oil, and oxygen con- 
tent was determined by the manomctric method of Van 
Slyke and Neill. O.xygcn consumption was measured 
I)y a calibrated recording spirometer connected to a 
tracheal caiinula. Carbon dioxide was removed by soda 
lime in the system. Relative tot.al peripheral resistance 
was calculated from the relationship: 

r, , . , , . , , . . ^^ca^ artcrml B, P. 

Relative total peripheral resistance = — = — r: : — — 

Cardiac output 

No attempt was made to calculate the resistance in 
.absolute units since only changes from control values 
were desired, but in order to permit better comparison 
between animals of difTcrent weights, cardiac outputs were 
substituted in the formula in terms of liters per minute 
per kgm. of body weight. 

Mixed venous blood hemoglobin concentration was de- 
termined photocolorimetric.illy. When used to measure 
the trend of hcmoconccntration in a given experiment this 
determination possesses the advantage over crythrocj'te 
hematocrits in that it is independent of changes in erj-th- 
roc 3 'te size and of such variables as speed and duration 
of centrifugation, plasma viscosity, and specific gravity. 
Its use as a gross index of plasma loss seems warranted, 
although, in common witli the great vessel hematocrit, it 
cannot be said to reflect quantitatively the average body 
hematocrit. 

The recipient animals were observed for a period of at 
least 5 hours after the injection of fluid. If throughout 
that time no significant change had occurred in the condi- 
tion of the animal, the experiment was terminated. Where 
any change had occurred, observations were continued 
until tlie death of tlie animal. Because of the possibility 
that the plasma proteins present in the injected fluid might 
augment the blood volume of a normal recipient and 
either mask any possible toxic effects or cause harm in 
itself by mere plethora, in 10 experiments the fluid was 
reinjected at the end of the collection period into the ani- 
mal which had produced it. It thus merely partially re- 
placed plasma volume already lost. The results were in 
no way different from those in which the fluid was admin- 
istered to other recipients. Gross and microscopic ex- 
amination of the viscera were made in the majority of 
animals. Bacteriologic studies which were made on the 
fluids are reported in another communication (11). 
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RESULTS AND DISCUSSION 

The results are presented in Tables I and II. 
They divide themselves sharply into 2 groups. In 
1 (Table I), the injection of the fluid resulted in 
a progressive decline in blood pressure and cardiac 
output, death of the animal usually within 5 hours, 
and consistent autopsy findings. These are the 
criteria of shock used in our experiments. The 
characteristic fall of blood pressure w’as interesting 
for it was invariably a distinctly delayed reaction. 
Some fluids had a mild vasodepressor action which 
caused a prompt and short fall of blood pressure 
which rapidly disappeared. The blood pressure 
then usually rose nearly to the control level. 
After a delay of 30 to 45 minutes, the shock- 
producing effect became manifest in a gradual 
progressive fall in blood pressure. Figure 1 il- 
lustrates the blood pressure response of an ani- 
mal following injection of muscle exudate. In a 
few instances the rate of blood flow through one 
femoral artery was measured by means of a 
modification of an air bubble flow meter (72). 
In animals sliowing the other criteria of shock 
following the intravenous injection of muscle exu- 
date, a significant reduction in the peripheral blood 


flow was obsen’ed, consistent with the reduction 
in cardiac output. 

In the other group (Table II), none of these 
effects were observed. Even though the results 
described in the previous paper of this series indi- 
cate the dominance of fluid loss, this is good 
evidence for an additional inconstant toxic factor 
in muscle exudate which has the effect of produc- 
ing shock, in spite of increasing the plasma volume 
by roughly 25 per cent. The effect was obtained 
consistently in the pooled fluids (number 9) 
accumulated from 9 dogs, indicating tliat the effect 
does not depend on individual sensitivity of certain 
animals to the toxin. 

Examination of the possible sequence of events 
in the first group of animals indicates that the 
rapid and progressive decrease in cardiac output 
precedes, and is the probable cause of, the drop 
in blood pressure. The progressive increase in 
total peripheral resistance may be the result of a 
compensator}’ peripheral vasconstriction. Tlie 
reduction in cardiac output, however, is not spe- 
cifically explained by the data available. It could 
result from either an intrinsic myocardial change 
or a decrease in venous return to the heart. Tlic 
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TAIII.E II 

Ncj^ath'c muscle exudate assays 
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latter change could in turn be due either to a loss 
in blood volume through capillary leakage or a 
pooling of the blood in dilated vascular beds. The 
absence of any significant hemoconcentration, 
however, is evidence against generalized capillary 
leakage of plasma as an initiating factor in these 
experiments. In this respect alone do these ani- 
mals differ from those described by Moon (63) ; 
there is, however, a likely explanation for the 
hemoconcentration which he observed in a large 
part of his experiments. His experiments con- 
sisted of introducing a weighed amount of muscle 
pulp plus 100 ml. of saline into the peritoneal 


cavity of dogs and subsequently measuring the 
fluid recovered from the peritoneum at autopsy. 
While the volume of exudate did not increase 
much in his observations, it is highly likely that the 
injected saline solution was replaced by a solution 
high in plasma proteins. The loss of plasma 
proteins into the peritoneum may well account 
for the hemoconcentration. In our observations, 
the reverse situation holds for we were diluting 
plasma with an intravenous injection of fluid high 
in proteins. 

The post-mortem appearance of the animals in 
Group I was similar to that in Moon’s experi- 



Fig. 1. Kymograph Record Illustrating the Blood Pressure of an Animal Following Injection of 

Muscle Exudates 

The white blocks indicate cardiac outputs taken at various times during the course of the experiment. The 
first cardiac output taken after administration of the toxin (Number 2) is (in this case) increased, although 
such was not usually the case. The blood pressure response is a typical one. Cardiac output values are 
as follows, expressed in liters per minute : Number 1 — 1.47, 2 — 2.22, 3 — 0.69, 4 — 0.60, S — 0.35. 
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ments. There was intense visceral congestion, 
especially of the liver, togetlier with moderate to 
marked hemorrhage into the intestinal lumen. 
This began abruptly at the pylorus, was most 
marked in the duodenum, and diminished distally. 

A consideration of the proportion of positive to 
negative results in these experiments is illumi- 
nating. Of the total of 32 fluids studied, only 9 
(or 28 per cent) were found to possess significant 
toxic properties, while the remaining 72 per cent 
were apparently innocuous." 

If the 9 toxic fluids derived their properties 
from noxious products of tissue breakdown, it is 
difficult to see how the other 23 specimens could 
have failed to contain these substances. All the 
muscles were subjected to tlie same degree and 
duration of ischemia and all the fluids were high 
in protein content indicating the degree of local 
capillary damage. Moreover both toxic and non- 
toxic fluids revealed similar electrolyte composi- 
tion and the same concentration of proteolytic 
enzymes (70) indicating similar degrees of cellu- 
lar breakdown. These considerations and the very 
inconstancy of positive results from fairly rapid 
intravenous injection suggest that the positive 
effects are due to inconstant factors which are not 
present in all muscles, but are probably an ex- 
traneous complication introduced into some 
experiments. 

The possibility presents itself that an explana- 
tion for the positive effects in one-fourtli of these 
fluids lies in bacterial contamination. The results 
of a detailed study of the number and tj^cs of 

^'T.nblc 11 (Iocs not include the earlier experiments in 
which the cardiac output was not measured. 


organisms present in these fluids appears else- 
where (11), and tlie evidence there presented 
clearly demonstrates a correlation between the 
toxicit}’- of a fluid and its bacterial content. 

Since the majority of these fluids j'ielded no 
evidence of a shock producing factor, it appears 
warranted to conclude that the usual metabolic 
breakdown products in anoxic muscles do not 
produce the vascular changes which precede shock. 
In our muscle ligation technique, the circulation 
in the anoxic muscles is usually well reestablished, 
so that diffusible toxic elements should be present 
in the circulation as a whole, as well as in the 
muscle exudate. However, this factor is controlled 
by tlie similar results which were obtained when 
fluids were reinjected into the original donor, as 
when given to recipient dogs. 

SUMMARY 

1. The exudate which accumulates after muscle 
anoxia was collected and injected into tlie same 
or recipient dogs. 

2. In three-quarters of such obsen-ations, no 
evidence of shock was obseiwcd, while in one- 
quarter of the animals shock was produced by 
this technique and caused death. 

3. The inconstancy of the presence of this to,xic 
factor suggests it is an extraneous agent, not 
present in the usual cellular constituents and 
metabolic products found in all muscle exudates. 
Since the c.xudatcs are invariably contaminated 
with bacteria, it is thought that the to.xin m.ay be 
bacterial in origin. 

Bibliograpiiy follows P.ipcr VI of tin? .•'rrirs. 
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Studies of the pliarmacologic effects of exudates 
from traumatized limbs have been made by several 
workers (30, 69). Detailed studies have been 
lacking, however, on the chemical nature of exu- 
dates from anoxic or traumatized tissues. The 
technique of muscle tying previously described 
(14) has afforded an opportunity for collecting 
the exudate from a well-circumscribed set of 
muscles after a period of anoxia and trauma. This 
exudate, in amounts which ranged up to 480 ml., 
accumulated in the first 5^ hours after release of 
a constricting band which had produced anoxia 
for S hours. 

We have studied, therefore, in some detail the 
chemical properties of muscle exudates obtained 
from single animals, as well as the properties of 
a pooled collection of muscle exudates from a 
group of 9 dogs. The central problem which has 
concerned us has been to determine the type of 
substance responsible for the toxic effects of 
certain muscle exudates. 

MATERIALS AND METHODS “ 

All animals were anesthetized as described previously 
(14). , In the enzymatic experiments a modification of 
the Grassmann-Heyde (73) titration technique was used, 
0.2 ml. aliquots of test solution being titrated against 0.01 
N alcoholic potassium hydroxide in a 90 per cent alcoholic 
medium, with 1 : 10,000 thymolphthalein as an indicator. 
It was necessary in some cases to titrate aliquots of test 
solution containing up to 3 mgm. protein nitrogen per ml. 
In these instances, a heavy protein precipitate appeared 
in the 90 per cent alcoholic titration medium, and the re- 
sultant turbidity interfered with the precision of the end- 


^ This is reprint No. 609 of the Cancer Commission of 
Harvard University. 

The work described in this paper was done under a con- 
tract, recommended by the Committee on Medical Re- 
search, between the Office of Scientific Research and De- 
velopment and the Massachusetts General Hospital. 

~ See acknowledgments. 


point determination. It was found possible to obtain a 
sati.sfnctory endpoint color change, nevcrtliclcss, if 0.2 mi. 
of 1 per cent thyrnolphtlialcin in absolute ethanol wa.s used 
as an indicator in a titration medium containing, in addi- 
tion, 0.2 ml. of test solution and 1.8 ml. of absolute 
ethanol. 

The ammonium sulfate fractionations were made in tlic 
following way. The ammonium suifatc solution of the 
desired concentration was placed in a I2-litcr cylinder and 
was dialyzed overnight at 2.5“ C. into a rotating cello- 
phane bag containing the muscle exudate, a technique in 
principle similar to that used by McMcekin (74). The 
precipitate was resuspended in 1 per cent sodium chloride 
and was dialyzed in a rotating cellophane bag against fre- 
quent changes of 1 per cent sodium chloride over the 
following 24-hour period until the ammonium suifatc was 
thoroughly dialyzed out. 

The preparation of the aminoexopeptidase from normal 
dog muscle was made as follows. Five hundred and 
seventy-five grams of thigh muscle were obtained from a 
freshly killed dog and were frozen immediately on carbon 
dioxide snow. One week later the muscle was thawed, 
ground, and extracted at 2.5° C. for 3 hours with 2 vol- 
umes of 1 per cent sodium chloride and in the presence 
of toluene. All further procedures were carried out in 
the cold room at 2.5° C. The preparation was squeezed 
through cheese cloUi, then made 0.4 saturated with am- 
monium suifatc by careful addition of the solid salt. The 
pH was 6.0. After standing overnight, it was filtered 
through a Buchner funnel with Whatman number 1 paper 
and Hyflo Superccl. The filtrate was then made up to 
0.7 saturation with ammonium sulfate and allowed to stand 
overnight. The preparation was filtered though a Buch- 
ner funnel with number 5 Whatman paper, and the pre- 
cipitate was dissolved in 140 ml. of 1 per cent sodium chlo- 
ride., After 2 days’ dialysis against 1 per cent sodium 
chloride, the solution was tested against I-leucylglycylgly- 
cine and found to be active (C = 0.03). This order of 
activity represents a 10-fold increase over that of crude 
muscle. Adjustment of the pH of the muscle extract to 
pH 4 resulted in a marked loss of enzymatic activity. 
Lesser concentrations of enzymatic activity were found in 
the precipitates between 0 and 0.4 saturation (C = 0.003) 
and above 0.7 saturation (C = 0.0001) with ammonium 
sulfate. The enzymatic activity, therefore, is precipitated 
out principally between 0.4 and 0.7 ammonium sulfate 
saturation. 


850 
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EXPERIMENTAL 

As a first step in the problem the chemical 
anatomy of this muscle exudate was studied. The 
observations consist of (A) a study of the electro- 
lyte pattern of the fluid, and (B) a study of the 
protein constituents of the fluid by means of (1) 
electrophoresis, (2) dialysis, (2) fractionation of 
the muscle exudate proteins, and {4) study of 
proteolytic enzymes. 

The exudate as it drained from the muscles was 
light red in color, odorless, with a hematocrit 
around 1 per cent, a specific gravity of 1.018, and 
a tendency to form a very thin clot. The fluid 
was collected in sterile flasks surrounded by ice. 
Following centrifugation the clear, practically cell- 
free, supernatant fluid was used for further ex- 
periments. The supernatant fluid was frequently 
preserved on carbon dioxide snow between the 
time of collection and the time of administration 
to another animal without noticeable change in its 
pharmacologic action. 

In spite of employment of sterile techniques in 
operation and collection, the fluid contained bac- 
teria in all experiments in which a search was 
made for their presence. A study of the role of 
bacteria in the production of shock by these muscle 
exudates has already been reported from tliis 
laboratory (10, 75). 


A. Electrolyte studies 

Figure 1 shows the electrol}i:e composition of 
pooled muscle exudate (fluid number 9) as com- 
pared with the electrolyte content of normal dog 
sertun and l 3 nnph as compiled by Drinker and 
Yoffey (76). The conventions used are those 
originated by Gamble (77). This pooled muscle 
exudate produced shock in 2 dogs when injected 
intravenously (15 ml. per kgm). 

Muscle exudate differs from serum in the fol- 
lowing particulars: 

1. The total electrolyte concentration in muscle 
exudiate is lower. 

2. The pH of muscle exudate is lower, ranging 
from 7.0 to 7.2 in individual exudates. 

3. The total protein concentration of muscle 
exudate is lower. 

4. There is considerable hemolyzed blood, from 
2.5 per cent present in the muscle exudates studied, 
as evidenced by a cheriy’-red color and a hemo- 
globlin concentration ranging from 0.3 to 0.8 
grams per cent in different preparations. It is 
highly probable tliat myoglobin contributes to this 
color. No attempt has been made to distinguish 
between these 2 globins. 

5. The potassium and inorganic phosphate 
(HP 04 '=) concentrations of muscle exudate are 
increased. 



DOS MUSCLE EXUDATE 

PH 7.05 
l;*:l f'Ctf’*! 4 

oe 
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6. Muscle exudate contains less calcium than 
would be expected were it derived from plasma 
alone, even when the diminshed protein content 
of muscle exudate is taken into account. Data on 
lymph (76 )show calcium levels of 9 to 12 mgm. 
per cent, which are likewise higher than the muscle 
exudate level. In 2 individual experiments, the 
concentrations of calcium in the terminal scrum 
were 11.5 and 10.9 mgm. per cent, while in the 
muscle exudates from the same animals they 
were 7.2 and 6.0 mgm. per cent, respectively. 

7. The bicarbonate concentration of the muscle 
exudate is markedly decreased and the chloride 
concentration is somewhat diminished, resulting 
in an increase in total undetermined anions. In 
individual exudates the bicarbonate concentration 
has been as low as 6 millimoles per liter. 

The findings of high potassium and inorganic 
phosphate concentrations indicate a breakdown of 
muscle cells, a leakage out of these intracellular 
ions, and perhaps decomposition of organic phos- 
phate. They are consistent with analysis of po- 
tassium and. chloride concentrations of fluid ob- 
tained from the subcutaneous tissue of a trauma- 
tized area (6). The decrease in the bicarbonate 
concentration and in total accountable anions in 
the presence of a lowered pH value points to an 
increase in undetermined organic acids, formed in 
part as a result of the anaerobic metabolism of the 
muscle. 

B. Study of pj'otein constituents 

1. Electrophoresis. The electrophoretic pat- 
terns of a single muscle exudate, fluid number 117, 
have been compared with the patterns of plasma 
from the same dog before and after the muscle- 
tying and draining procedure.* Electrophoresis 
was carried out in a phosphate buffer of pH 7.7, 
and ionic strength 0.2, at 1.5° C., over a 4-hour 
period, at a potential gradient of 4 volts per cm. 
Figure 2 shows tracings obtained from the elec- 
trophoretic patterns. It demonstrates that in the 
muscle exudate the fraction migrating with the 
same velocity as the gamma globulin fraction of 
plasma is increased considerably, and the alpha 
globulin fraction is decreased. The increase in the 
slowest-moving component suggests that in muscle 

® For these electrophoretic patterns and their interpre- 
tations the authors are indebted to Dr. Gertrude E. Perl- 
mann, of the Massachusetts General Hospital. 


Dog 117 




Fig. 2. Traoncs of ELKCTRornoRETic Patterns of 
Plasma and Muscle Exudate 

protein breakdown, proteins of electrophoretic 
properties similar to those of the gamma globulins 
of plasma make their appearance in the muscle 
exudate. 

During the course of this experiment, there was 
a drop of plasma protein from a level of 7.0 grams 
per cent at the beginning to 5.0 grams per cent 
at the end of the experiment. The protein in the 
muscle exudate can conceivably be accounted for 
as coming largely from plasma.'* The electrophor- 
etic patterns of plasma indicate a decrease in tlie 
relative concentration of albumin from the control 
plasma to the terminal plasma. The albumin: 
globulin ratio as calculated from the electrophor- 
etic patterns changed from 0.9 to 0.7 during the 
course of the experiment. 

4 Thus, in one experiment, even if the assumption is 
made that the plasma volume was not reduced during the 
course of the experiment, 25 grams of protein were lost 
from the plasma protein, and 14 grams of protein were 
found in the muscle exudate. 
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2. Dialysis studies. After dialysis of the muscle 
exudate (fluid number 9) through Visking cellu- 
lose tubing, 0.0008 inch wall thickness, for 24 to 
48 hours against changes of distilled water or 1 
per cent sodium chloride at 2.5° C., it was found 
that the pharmacologically-active fraction was non- 
dialyzable. This non-dialyzable material was 
lyophilized in a Flosdorf-Mudd (78) apparatus, 
and the dry powder, re-dissolved in 1 per cent 
sodium chloride, was shown still to possess its 
shock-producing properties. This evidence rules 
out as possible major toxic agents a good many 
low molecular weight, dialyzable organic sub- 
stances which might be present as a result of 
proteolysis or of the anaerobic metabolism of 
muscle. Although this evidence does not deny the 
possibility of adsorption of small molecular weight 
substances onto protein molecules, it does sen'e 
to focus attention on particles of large molecular 
size or aggregation. 

3. Fractionation studies. A collection of muscle 
exudates (termed fluid number 9) was made from 
9 dogs, using aseptic techniques, and freezing 
each exudate on carbon dioxide snow immediate!}' 
after collection. The individual exudates were 
then thawed and pooled, amounting to 2100 ml. 
of fluid which was refrozen in 100 ml. lustroid 
containers. Assay of aliquots of this fluid in 2 
dogs (numbers 122 and 123) resulted in t}'pical 
shock (25). The remainder of the pooled fluid 
was subjected to fractionation procedures. Dialy- 
sis of a 150 ml. aliquot against 1 per cent sodium 
chloride for IS hours at 2.5° C. revealed (dog 128) 
that the activity remained in the non-dialyzable 
portion. Another 150 ml. aliquot was di.alyzcd 
against 3 changes of 150 ml. each of distilled 
water for IS hours at 2.5° C. Seven-eighths of the 
dialyzable material, therefore, u-as theoretically 
dialyzed out. Both the di.alyzablc and the non- 
dialyzable fractions were lyophilized, then 150 ml. 
f)f 1 per cent .'^odium chloride were added to each 
fraction which was then tc,<tcd on a dog. The 
non-tlialyzablc material agaiji pro'Iucc<l shock 
(dog 12^^). while the diahvAble matcri.al did not 
(dog 126). .An .am.nuuiium sulfate fractionation 
wa< done, therefore. <n a -170 ml. ,'di;i;!i.: to 


cb.ararteri.-e more closely the s' 
tcrial. T.aMc 1 su’.n:;’,.ari.'c? tl 
to dctern'.i::c v.lutln r the ph\; 
the p.-oln; fl:;id dccavoJ dun':;: 


' *c k ■ p : < <! t ; c: r. g ; rc’. - 
S' In order 

itr. ragc cn cr.r:«-;.r. 


dioxide snow, an aliquot of the original pooled 
fluid was again tested (dog 136) and found to be 
active. In the protein fraction whidt salted out 
behveen 0.25 and 0.7 saturation there was (a) 
the characteristic physiological response of tlie 
animal, which died in shock approximately 5 hours 
after injection of this fraction, (b) 84 per cent of 
the protein nitrogen, and (c) all the detectable 
proteolytic activity'. One may condude that the 
toxic factors of tlie musde exudate salt out in the 
a and j3 globulin and albumin range, and are 
probably not due to moities such as proteoses or 
peptones, which could be present in the musde 
exudate as a result of muscle breakdown. 


TABLE I 

Fractionation of pooled muscle exudate 
{number 9) 


(NHi):SOi concentration 

1 Dog 
num- 

1 bi' 

1 Result 

! 

Percent- 
acc of 
protein 
nitroi?rn 
recovered 

Percent- 
age of 
cnr>*matic 
activity 
recovered 

0.25 saturation 

131 

No cfTcct 

4 

0 

0.25 to 0,70 satura- 





tion j 

132 

Died in 
shock 1 

84 

100 

0.70 to complete 





saturation 

133 

N'o effect 

1 

1 

0 


cnzym.Ttic activity recovered 
enzymatic activity expected 


4. Studies on proteolytic cncymes. The evi- 
dence from the fractionation studies served to 
focus attention on that group of proteins which 
is highly active physiologically, the enzymes. 
Since it was impossible to study the 50'odd en- 
zymes known to be present in muscle (79), I 
group of enzymes was selected for sttifly in tl;e 
hope that this group of enzymes might serve as a 
tracer for muscle enzymes as a '.viiolc in the 
fractionation and toxicity correlation studies. 

The p.'-otcolytic cnzyme.s in nm: cle e.xndr.tc 
were selected for investigation <. n tin.- i;vp' tlte'is 
tlat sudi en.'.ymes migi'.t i>e activate ] nnd-.r con- 
tiilions of anoxia r.:v! migl.t eft'o r pr^-'.ure tor.ir 
substances in rr.'rr <r pn vc ’■•xic v.’.e:’. lib'crat''! 
into the gc.-.vrtil circtrati' n. I’r: to lytic fx.'vrr,- - 
leave l>een tlr.-cr:'' '] .'Ir I--;’::.:;;." ' c'. far 

led: r.‘ irOc <>0 to Ft ). 
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TAni-E n 


Proteolytic enzymatic properties of muscle exudate 


Type of enzyme 

1 Subntrate 

pH 


Aminopeptidase 

dl-lcucinamide 

7.3 

1.6 X 10-» 

Aminopeptidase or carboxypeptidase* 

l-lcuc>'lglycylglycine 

7.6 

5 X 10-1 

Aminopeptidase or carboxypeptidase* 

dl-lcucylglycinc 

7.6 

1 X 10'* 

Aminopeptidase or carboxypeptidase* 

Aminopeptidase or carboxypeptidase* 

Carboxypeptidase 

Carboxypeptidase 

Pepsinase 

dl-alanylglycinc 

glycylglycinc 

cbz-glycyl-l-phcnylalaninc 

cbz-l-lcucylglyc>’lglycinc 

cbz-glutamyl-tyrosinc 

6.6 

•• 

/./ 

.^.4 

7.5 

5.5 

7.2 

7.8 

5.2 

.3 X l0-< 

3 X 10-* 

0 

0 

0 

0 

0 

0 

0 

3 X 10-« 

2 X ID'S 

Trypsinase 

bcnzoyl-l-argininamidc 

5.5 

S.O 


Proteolytic coefficient = •. — : — 

mgm. PN/ml. test solution 

_ 1 ^ total moles of substrate 

time ^ total moles of substrate unsplit 


Cysteine was used as an added activator in the experiments run at pH 5 range. 

* A recent publication of Smith and Bergmann (84) describes a new type of enzymatic activity termed an imido- 
endopeptidase which can also hydrolyze these substrates. 


of dog muscle exudate on a number of peptide 
substrates at varying pH’s. These substrates have 
been found (85) to characterize enzymatic activi- 
ties more precisely than would be possible by 
means of protein substrates. 

The presence of a trypsinase and of an amino- 
exopeptidase was found. More than 1 enzyme 
may well be responsible for splitting dl-leucyl- 
glycine, dl-leucinamide, 1-leucylglycylglycine, and 
dl-alanylglycine. For the present, however, there 
is definite evidence of the presence of 1 enzyme 
which can be designated, for convenience as an 
aminoexopeptidase. Other observations on this 
enzymatic activity as it appears in skin, subcutan- 
eous tissue, lymph, and serum have been reported. 
(86). The possibility was considered that the 
enzyme might originate from plasma entering the 
damaged muscle rather than from the muscle 
substance itself. The level of activity is 5 to 10 
times higher in muscle exudate, however, 
(C = 5 X 10"®) than it is in plasma (C = 0.6 
X 10“®), which makes plasma an unlikely origin. 
Previous mention of the presence of the muscle 
trypsinase has not reached the authors’ attention. 

Since it was desirable to compare quantitatively 
the proteolytic acivity found in muscle exudates 
from different dogs, it was considered best to use 
the crude muscle exudate as a source of enzyme. 


rather than to introduce the possibility of artefacts 
due to enzyme concentration procedures. 

The total amount of proteolytic activity (to- 
ward l-leucylglycylglycine) was determined by 
• multiplying the enzymatic activity constant per ml. 
of muscle exudate by the total volume of muscle 
exudate. In this way, tlie total enzymatic activity 
in various muscle exudates could be compared, 
and an effort made to see if a correlation existed 
between the enzymatic activity of a muscle exu- 
date and its toxicity toward an animal. 

TABLE III 


Negative correlation between toxicity and peptidase activity 
of muscle exudates 


Dog 

Weight 

Volume 

muscle 

exudate 


VXKX10> 

Result 

number 


kgm. wt. 

147 

kgm, 

20 

135 

20 

135 

Survived 

148 

17.5 

150 

23 

197 

Died 

151 

29 

280 

17 

164 

Died 

153 

27.5 

400 

12 

180 

Survived 

154 

23.5 

565 • 

8 

195 

Died 

178 

7.8 

70 

28 

250 

Survived 

179 

6 

90 

17 

255 

Survived 

157* 

16.3 

193 

16 

195 

Survived 

144* 

5.3 

100 

45 

850 

Survived 

149** 

9.8 

SO 

23 

117 

Died 


* These dogs were given saline extracts of muscle. 
** This dog was given heterologous muscle exudate. 
*** Substrate /-leucylglycylglycine. 
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Muscle exudates, therefore, were collected from 
7 dogs, and were reinjected in each case intra- 
venously into the same animal from which the 
fluid was collected. Four of the animals died, 
and 3 survived. Table III shows that the total 
amount of proteolytic activity per kgm. of dog 
reinjected was no greater in the animals which 
died than in those which survived. 

From normal dog muscle, a concentrate of the 
aminoexopeptidase was prepared which contained 
5 times the total amount of aminoexopeptidase 
found in any of the exudates. Upon injection by 
slow intravenous drip into 2 normal dogs under 
sodium pentobarbital anestliesia, no deleterious 
effect upon the blood pressure, temperature, pulse, 
or respiration was observed during a subsequent 
6-hour period. 

The plasma concentration of aminoexopeptidase 
was followed in 1 dog. It remained constant 
(K = 2.1-2.3 X until after the reinjection 
of the muscle exudate, and it was found 5 hours 
after this reinjection to be 4 times its previous 
level (K = 8XlO-=’). 

DISCUSSION 

An effort has been made to isolate the toxic 
factor (or factors) present in certain exudates 
from anoxic muscle. A study of the electrolyte 
pattern indicated that potassium and otlicr elec- 
trolytes were disturbed but probably not sufficient- 
ly to cause shock. Results of dialysis and frac- 
tionation with ammonium sulfate pointed toward 
proteins as containing the toxic substance. Muscle 
enzymes were suspected, and the proteolytic 
group of enzymes was investigated. ProteohTic 
enzymes were demonstrated in the muscle exu- 
dates but were found not to be the toxic factor. 
A saline extract of fresh muscle was found not 
to be toxic. 

These considerations let! to the conclusion that 
some toxic protein component was introtluced in- 


to certain exudates of anoxic muscle which was 
not present in extracts of normal muscle. This 
point of view has directed our attention toward 
the products of metabolism of the bacteria fre- 
quently associated with anoxic, traumatized 
muscle. 

SUMMARY 

A study has been made of the fluid which 
exudes from muscles preUously kept anoxic for 
5 hours. Some of these exudates produce shock 
wdien injected into an animal. 

1. There is evidence that this anoxia results 
in a leakage into the surrounding tissue spaces of 
intracellular components of the muscle, including 
proteins and electrolytes. The chemical constitu- 
tion and electrophoretic patterns of the exudate 
have been described. 

2. The toxic properties of a collection of pooled 
muscle exudates were contained in the non-dialy- 
zable fraction, could be salted out between 0.25 
and 0.7 saturation with ammonium sulfate, and 
therefore, arc probably protein in nature. 

3. At least 2 proteolytic enzymes have been 
found in muscle exudates. One of these, tenta- 
tively classified as an aminoexopeptidase, is pres- 
ent in high concentration. This same enzjmiatic 
activity can be found in extracts of normal dog 
muscles. When given intravenously to dogs, a 
concentrate of this enzyme produced no marked 
deleterious effect, and the shock-producing effects 
of individual muscle exudates did not correlate 
with their peptidase content. The second enzyme 
found in muscle c.xudalc hydrolyzes benzoyl-l- 
argininamidc, and may lx; termed a trj-psinasc. 

The authors arc indebted to the late Dr. ?.fax Bcri'tmann 
for the car!>ot>eTirc>xy-l-f;Iut.ani\l-I-tyro'ir.e and the 
carhobcnroxyp,lycyI-l-pbcn\Ial.anine. Ti.cy are ir.-Ie’ ted to 
Dr. ?.t. S. Dunn and t.bc .Xn-ino .Xc-M Mar.ufacturrrj. Ijej 
.•\npc!ts. California, for supplies n! (:M-.:e>;f;lyr;n-, r.ly- 
cjlglycine. dl-alansin'ycine, and l-!euc:.;r;lyc};;;iyc!ne. 
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As has been shown in previous reports from 
this laboratory (10, 25, 75), toxic effects re- 
sembling traumatic shock have been observed fol- 
lowing the intravenous injection of fluids exuding 
from dog muscles after prolonged iscliemia. 

The fact that 28 per cent of these fluids were 
highly toxic, whereas the remainder seemed harm- 
less, strongly suggested that their toxic effects 
were not due to the presence of intracellular sub- 
stances lost as the result of cell damage (70). 
For the same reason, it appeared doubtful that the 
occasional toxic effects were caused by break- 
down products of muscle cell constituents resulting 
from ischemia, since the experimental conditions 
"were all approximately identical. Attention has 
been directed, therefore, to the one constituent of 
these fluids which was obviously highly variable, 
namely, the bacterial flora. 

Another bit of indirect evidence pointed in this 
direction. On several occasions, dog muscle tissue 
was excised and minced with sterile precautions 
and incubated in sterile dog plasma at 37° C., for 
5 hours. The plasma was then separated by cen- 
trifugation and injected intravenously into recipi- 
ent dogs. Such material was invariably toxic, 
rapidly producing a shock-like state and death, 
and it was always infected with micro-organisms 
which on direct smear were seen to be large 
gram-positive rods. However, if a mixture of 
blended dog muscle and plasma were sterilized by 
passage through a Seitz filter before incubation, 

^ This is reprint No. 610 of the Cancer Commission of 
Harvard University. 

The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the Massachusetts General Hospital. 


it never exhiljilcd toxic properties when admin- 
istered to a recipient animal. 

K.XI’KRI.MMXTAI. 

Our method of muscle lipatiori and muscle exudate col- 
lection has been described (Id). .'Ml operative procedures 
were carried out under sodium pentobarbital anesthesia 
and with the customary aseptic precautions. 

Amounts of fluid exudinp from the 2 muscle croups in 
a S-hour period after release of ligatures varied in these 
experiments from 2 to 17 ml. per kgm. body weight of 
the donor dog. The composition of this fluid and its 
shock-producing ctTcct when administered intravenously 
have been described in detail (70, 75). 

Practically all of the muscle exudates contained bacteria 
as demonstrated by direct gram stain. The amount of 
bacterial contamination in most of these fluids was deter- 
mined by quantitative culture methods. Five-tenths ml. 
of the fluid to be tested were mixed with 4.5 ml. of beef 
broth, and 3 successive 1 : 10 dilutions in broth were made. 
Two blood agar plates were then divided into quadrants 
and a loopful (approximately l/f^l.) of each dilution was 
streaked onto 1 quadrant of each plate. One of these 
was incubated aerobically and the other in an atmosphere 
of 5 per cent CO; in nitrogen. After 36 hours of incu- 
bation at 37° C., differential colony counts were made and 
identification of the bacterial species present was under- 
taken. Colony counts were multiplied by the appropriate 
factors to give numbers of viable bacteria per ml. of 
original fluid, and these were checked qualitatively with 
observations on direct smears. Clostridia were isolated 
and cultivated from various fluids. 

In an attempt to reproduce at will the picture of toxicity 
following fluid injection, 2 strains of Clostridia per- 
fringens thus isolated were used in 3 experiments. In 
these experiments, at the time of muscle ligation, 2 to 5 
ml. of a broth culture of these organisms were injected 
into each of the 2 muscle groups; after the period of 
occlusion of the blood supply the ligatures were released 
as usual and fluid collected. These have been termed 
“reinforced” fluids. Bacterial counts were made on the 
first fluid obtained from each leg, on a final sample drain- 
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mg off at tlie end of a 6-hour period, and from the pooled 
fluid. 

A series of dog muscle biopsies have been done in an 
effort to discover whether clostridia can be grown from 
samples of dog muscle obtained under aseptic precautions. 
After preparing the skin in the same way as described 
for the operative ligation of muscles, the skin was incised 
and the edges retracted. The subcutaneous fascia was 
then incised and retracted with a fresh set of sterile instru- 
ments, and samples of muscle (about 1 gram) were ex- 
cised, using a third set of instruments. In other cases, the 
skin was seared either by a hot scalpel or electrocauteo’- 
The remainder of the procedure was accomplished by 
means of electro-surgical technique. Samples of rectus 
and sartorius muscle were taken by both these methods. 
Biopsies of skin were also removed after the usual prepa- 
ration including a very strong solution of iodine. All 
biopsy specimens were placed at once into meat infusion 
broth and incubated in an atmosphere of S per cent CO, 
in nitrogen. 


RESULTS 

In spite of the aseptic precautions, the fluid 
exudates collected after muscle ischemia have all 
contained bacteria. In most wounds, the body 
takes care of such contaminations, but traumatized 
anoxic tissues offer excellent media for growth and 
toxin formation. It appears, therefore, likely that 
traumatizing experiments on dogs must in genera! 
be complicated by contamination with bacteria 
which, in most observations on shock, would have 
time to exert a toxic influence. 

Organisms cullurcd from fluids. Aerobic cul- 
tures were made in 30 instances. One of these 
cultures was made from a pool of 2 fluids used 
for injection and another from a pool of 9 fluids, 
so that 39 exudates arc represented. Anaerobic 
cultures were made of 19 separate fluids, all of 
which arc also represented in the figures given 
for aerobic flora. Table I shows Uic results of 
these cultures, and it will be noted that staphylo- 
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cocci and clostridia are tlie most common con- 
taminants, each ha-ving been cultivated from the 
great majority of fluids. Where clostridia were 
cultured to determine t}^e, as well as morphologj’, 
Cl. perfrmgens was obtained. 

Bacteria in relation to toxicity. On 19 separate 
fluids, quantitative bacterial counts were made by 
both aerobic and anaerobic culture, and the tox- 
icity of 18 of these fluids was determined by 
intravenous infusion into recipient dogs. In 5 
cases, 2 fluids were pooled for assay purposes. 


TABLE II 

Muscle exudates: correlation of properties seith 
number of Clostridia 


Donor 

dOR 

number 

10' X 
Clost./rnl. 

I0« 

XStaph./ 

ml. 

1 Fluid 
! output 
i ml.A^CTn, 

Redpient 

dog 

number • 

Toiidty 

166 

0.001 

1.0 

7 

167 

0 

217-218 

0.01 

2.8-3.0 

8-6 

219 

0 

221-222 

0.03 

0-0 

5-4 

223, 224 

0 

226-227 

0.14 

0.06-0 

5-3 

228, 233 

0 

214-215 

0.17 

0.09-0 

3-10 

216 

0 

186-187 

2.7 

0.5-6.0 

15-6 

188 

0 

177 

2.8 

0.8 

14 

179 

0 

168 ! 

3.0 

0.6 

17 

169 

0 

181 

5.0 j 

2.4 

16 

183 

+ 

171 

35.0 j 


17 

174, 175 

0 

176 

160.0 i 

28 

8 

178 

0 

180 

500.0 1 

40 

16 

182 

+ 

172 

750.0 

1 

13 

173 

+ 


* The average fluid output of this scries of animals is 
approximately 9 ml. per kgm. In a larger rerics the 
average output was 12 ml. per kgm. 

•• Staphylococci present but not quantitated. 


Table II shows the results. It can be seen that 
the fluids with relatively low bacterial counts were 
always non-toxic; the 3 toxic fluids were included 
in the 5 highest clostridial counts. Staphylococcal 
counts correlated .slightly less well with toxicity, 
but there was considerable correlation lictwccn 
the 2 organisms. There also ajjpears to be snrnc 
correlation between the iweterial counts and the 
amounts of fluid preriuced. 

Gro^cth and toxin production "in vivo." In 
7 instances, data arc av.ailaldc showing the iiirrr.i'e 
in b.actcri.al content of fluirl oht-ainrd fluring t'.e 
6-hour peritvl after release o: ligature-. Cu'turr'. 
.ml colony c' u::’.,- were .nr.dt* rn t’.': lift fluid 
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used {i.e. below 10,000 per ml.), they have been 
taken as 10 * per ml. for the purpose of obtaining 
a figure representing the average of the incre- 
ments. The calculated mean increment is, there- 
fore, a minimum value. It is seen that there is 
greater than 1000-fold increase in the concentra- 
tion of viable clostridia and staphylococci during 
the 6-hour period following release of the con- 
stricting band. Assuming a generation time of 
approximately 30 minutes, this rapid increase in- 
dictates that multiplication of clostridia must have 
started immediately, as soon as ischemia provided 
satisfactoiy anaerobic conditions for growth. 


TABLE III 

Increase of bacterial counts from initial to terminal fluids 


Dog 

Clostridia 

Staphylococci 

Initial 

Terminal 

Initial 

Terminal 

176 

<10’ 

1.6 X 10’ 

<10< 

2.8 X 10’ 

177 

4 X 10< 

2.8 X 10’ 

<10‘ 

2.5 X 10’ 

180 

2.5 X 10’ 

1.0 X 10’ 

2.2 X 10’ 

1.0 X 10’ 

181 

<10< 

3.0 X 10’ 

<10‘ 

1.0 X 10’ 

186 



6 X 10« 

2.5 X 10’ 

187 



<10< 

2.5 X 10’ 

222 

10< 

6 X 10< 



-Average 

6.4 X 10< 

2.4 X 10’ 




Factor of 
difference: 

(By average 

of increments) 4 X 10’ 11 X 10’ 

(By increment 

of averages) 4 X 10’ 5 X 10’ 


Reinforced fluids. In the case of fluids from 
muscles which, at the time of ligation, received 
injections of cultures of bacteria {Cl. per- 
fringens) isolated from earlier experiments, ex- 
tremely toxic exudates were obtained in compari- 
son with those collected in routine experiments. 
The 3 fluids in this series, when injected intra- 
venously, uniformly produced a shock-like picture 
terminating in death in 8 instances. In these 
cases, 5 ml. per kgm. (or approximately one- 
third of the dose used in the earlier experiments) 
were given intravenously, and in all cases marked 
hemolysis was observed in the bloods of the re- 
cipients at the time of death. In 3 of the 8 experi- 
ments, bacteria had been removed by filtration 
through a Chamberland candle in 1 case and by 
centrifugation in the other 2. Washed bacteria 
obtained by centrifugation were used in 2 experi- 
ents and produced no obvious effect except 


hyperthermia (‘II" and *12^ C, rc.^ipcctivcly). In 
1 further experiment, a lethal anunmt of rein- 
forced fluid was injected along with 5 ml. poly- 
valent gas gangrene atuitoxin (f.cderle’.s) with 
complete protection against the cfTccts of the fluid. 
Thus, the effects of the reinforced fluids arc due 
to the pre.sencc of an exotoxin which is neutralized 
b}' gas gangrene antitoxin. 

Increases in bacterial content and toxin concen- 
tration during the collection period were noted. 
Tests were made on the first fluid, the last fluid 
obtained at the end of 6 hours, and the pool of the 
tot.al fluid obtained. In the case of 1 of these 
experiments, in addition to bacterial counts, 
toxicity was detennined as the volume of fluid 
containing 1 mouse m.l.d. There was a 300-fold 
increase in bacterial count and at least a 10-fold 
increase in the toxin concentration during the 6 
hours after release of ligatures. When a 10 ml. 
culture was injected into the muscles at the time 
of ligation, the injected culture contained in all 
100 mouse m.l.d. (L.D. 100) of toxin; following 
release of the muscle ligature, 270 ml. of fluid 
exuded from the muscle containing 1350 m.l.d. 
of toxin. It may be assumed that additional toxin 
was present in the muscles at the end of this 
period. Thus, the anoxie muscle in vivo has been 
shown to be a good medium for multiplication and 
toxin production by toxigenic clostridia. 

Anaerobic cultures of biopsy specimens. In 11 
of 13 intact dogs from which muscle biopsies were 
obtained, clostridia were grown from at least 1 
muscle specimen, and they were cultivated in 13 
instances out of a total of 25 such specimei^^ 
(0.5 to 1 gram of tissue). Thus, clostridia were 
obtained from 85 per cent of the dogs whose 
muscles were biopsied. In addition, 36 per cent 
of the muscle specimens yielded coliform organ- 
isms and 8 per cent of them staphylococci. 

In 2 dogs, all of 5 cultures of surgically prepared 
skin were positive for clostridia, and 1 from each 
dog showed the presence of staphylococci, coliform 
organisms, and diphtheroids. These data suggest 
that organisms of the gas gangrene group are 
common inhabitants of dog skin, where they pre- 
sumably exist as spores, and are exceedingly 
readily introduced into the underlying tissues 
during operative procedures. The possibility that 
they are normal inhabitants of dog muscle in 
some instances is not ruled out. 



TOXIC FACTORS IN EXPERIMENTAL TRAUMATIC SHOCK. \T 


859 


Anaerobic cultures were also made of muscle 
specimens obtained from 7 rats; 1 of these cul- 
tures yielded clostridia, another yielded a culture 
of gram-positive cocci, and the remainder were 
sterile. 

Eighteen cultures were made of specimens of 
human muscle obtained from various elective op- 
erative procedures.^ In no case were clostridia 
grown from these specimens although staphylo- 
cocci were obtained in 10 cases. 

Ideiitity of organisms. Clostridia obtained from 
muscle exudates and from dog biopsy specimens 
were identified as Cl. perfringens in tlie following 
way. 

Anaerobic cultures (in broth and on agar 
media) of muscle extracts and from dog biopsy 
specimens yielded large numbers of organisms 
which were identified as Cl. welchii (perfringens) 
on the following grounds. 

The colonies and brotli cultures were found to 
consist of rods approximately 1 /x in width and 
varying from 3 to 10 /x in lengtli. Very young 
organisms were frankly gram-positive but became 
gram-negative within 24 to 36 hours, all inter- 
mediate degrees of intensity of staining being ob- 
served in 1 given culture according to its age. 

Spores were very' rarely encountered and in 
particular could not be detected in sugar media. 

The stormy fermentation of litmus milk and 
other fermentation reactions were typical of Cl. 
welchii. Gelatin was liquified but no digestion of 
serum was observ’ed. 

The colonics were citlier smooth or rough, hemo- 
lytic or non-hcmolytic (/Ihcmotysis). The fact 
that these different colonial types could all be 
derived from 1 single colony isolated upon aging 
of the culture indicates that they were due to 
bacterial dissociation rather than being representa- 
tives of different bacterial species. 

The cultures grown in ordinarj- glucose broth 
were only a little toxic for mice (MLD 0.1 ml.). 
Toxicity could be mudi incrc.iscd by growing the 
organi.'in in meat media containing 0.5 per cent 
gluco.<e or in media .specially devised for the pro- 
duction of Welch toxin (MLD 0.001 ml.).- Tnc 
toxin co'.ild be r.cutralircd by Welch antitoxin. 

• \Vc arr inirbtfj ’.ci Hr. Cirrr'.! 11. frr 

•Ti\h t'xia was t y Dr. pa Jr. 


DISCUSSION 

The presence of bacteria of the gas gangrene 
group in normal dog muscle has been reported 
(87, 88), and both our studies and tire confirm- 
atory one of Cope and Langohr (unpublished 
data) have indicated that such organisms may be 
normal inhabitants of dog muscle; but it is more 
likely that they are introduced during operative 
manipulations, since they appear to be such fre- 
quent contaminants of dog skin. In all proba- 
bility, they exist in skin as spores resistant to the 
usual methods of surgical preparation. In tire 
dog, therefore, gas bacilli are potential contami- 
nants of artificially-traumatized or surgically- 
treated tissues, and all experimental procedures 
which tend to result in ischemia and anoxia would 
produce conditions extremely favorable for their 
multiplication and toxin formation. 

It should be emphasized, also, that from both 
biopsy material and "sterile” collected exudates 
from ischemic muscles, otlier microorganisms than 
clostridia, especially staphylococci and bacilli of 
the coliform group, have been frequently culti- 
vated. The creation of damaged and relatively 
ischemic tissue tends to promote the growtli of 
many tj^pes of pathogens, especially anaerobes, and 
among the commonly contaminating organisms arc 
included several species capable of producing 
powerful exotoxins (89, 90). The ready accessi- 
bility of clostridia, the fact that conditions for 
their growth and toxin production arc optimal, 
and the potenej- of their cliaractcristic toxins make 
it important to investigate tlie role which such 
bacteria might play in the sequence of cliangcs 
that constitute the syndrome of traumatic shock. 

The toxins of several species of bacteria have 
been shown to have specific pharmacologic effects 
on tlic circulation with certain features in common 
with the classical changes of shock. Xotabic ex- 
amples of tlicsc arc tlie exotoxins of gram-negative 
ixicilli (S9, 90). Tiic pro'iuclion of b.cmolvsie 
and dcatii in rabbits by the intraven-T.:*; administra- 
tion o: Welch bacillus toxin b.ra }?ccn rrji^.rtcd 
(9! ), and the action of this toxfn hz' Inen further 
dcscrii‘cd (92). Exr'.rimcntx in thi' !r.’,-'.r.-.;orv 
v.atl! pttnf.ed CI. f rrjrir.'Tt'r.j ar:d Ci. r rdi'r-. .'.Cfr; 
toxins have crnfirmed the-e in d-g' :.r-! 

Titrated b'th b-ra! a-d genera’ire ! '•-.■r!: ef- 
lects cf th,*‘'c arent' vn th,c circ*.**a*^'— 



860 


POPE, ZAMECNIK, AUB, BRUES, DUBOS, NATJIANSON', AND NUTT 


These facts make it clear that the element of 
bacterial infection and its consequences are factors 
that must be taken into consideration in physio- 
logic experiments which continue for longer than 
a few hours. Particularly in experiments on 
traumatic shock in which large areas of damaged 
and ischemic tissue are produced, the role of 
bacterial products in contributing towards the 
clinical outcome cannot be ignored. Interpreta- 
tion of the results of experiments in which parent- 
eral administration of various extracts of normal 
and traumatized tissues is made should involve 
consideration of the bacterial factor (93). This 
has been recognized and it has been shown that 
bacteria-free extracts of these types arc without 
physiologic effects (65). 

The possible role of micro-organisms in the 
genesis of traumatic shock following the injurj' of 
men in battle remains to be evaluated. Although 
human muscle biopsy specimens have been, in our 
experience, generally sterile, wounds sustained 
under battle conditions are usually contaminated 
with many species of bacteria, and the gas bacillus 
ranks high in its incidence in war wounds 
(94, 95). Certainly in many of the latter, con- 
ditions must be very favorable for the multiplica- 
tion of such contaminants, and it is conceivable 
that sub-clinical amounts of highly toxigenic 
strains of bacteria, especially of the gas gangrene 
group, might produce sufficient quantities of toxin 
to be a factor in the development of circulatory 
failure, either by promoting loss of vascular fluid 
at the site of trauma or by acting generally on tlie 
cardio-vascular system. That the former may be 
a not insignificant effect in the case of the Welch 
bacillus toxin has been suggested (96) . The irre- 
versibility of the shock-like state produced by the 
intravenous administration of Cl. perjringens and 
Cl. oedematiens toxins (unpublished data) indi- 
cates that the production of toxins of these types 
in contaminated wounds can play a significant 
role in subsequent development of “irreversible” 
shock. 

These considerations and especially the urgency 
of elucidating ■ the pathogenesis of irreversible 
peripheral circulatory failure make it important to 
study human cases of traumatic shock from the 
point of view of the bacteriology of their wounds 
in order to determine what counterpart the find- 
ings reported in this paper have in clinical shock. 


SUM.MARV 

The bacterial flora of ischemic canine muscle 
exudates has been investigated. Closlrulium per- 
jringens and Stopliylococcu.^ nlbus have been re- 
covered from most of these exudates in widely 
varying concentrations. The clostridia have been 
shown to multiply and produce toxin in ischemic 
mu.sclc, the multiplication starting as soon as 
i.schcmia provided satisfactory anaerobic conditions 
for growth. They arc present in many biopsy 
specimens of normal dog muscle obtained with the 
use of rigid surgical techniques of skin steriliza- 
tion and sterile handling of specimens. Clostridia 
are not present in normal human muscle. 

Evidence has been obtained indicating a corre- 
lation between the toxicity of the fluids as ad- 
ministered to recipient dogs and their bacterial 
content. We think this bacterial contamination 
is the source of a “toxic factor” in c.xperimcntal 
shock. Bacterial infection and its consequences 
must be taken into consideration in physiological 
experiments, particularly in those involving in- 
jury to tissue, even where performed by surgical 
methods. 

The possible relation of clostridial infection to 
human wound shock remains to be elucidated. 
The frequent contamination of war wounds with 
tliese organisms indicates the importance of sudi 
an evaluation. 

Wc wish to acknowledge the painstaking technical as- 
sistance of Mr. Fred Mapplebeck in caring for animals 
and carrying out many experimental procedures described 
in this series of papers. 
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In previous communications it was suggested 
that respiratory catalysts might be used to help 
maintain normal functions of tissues under con- 
ditions of anoxia by their enhancing elTcct on tis- 
sue respiration (1, 2, 3, 4). Even under condi- 
tions of anoxia, there is in the returning venous 
blood a considerable amount of oxygen which 
might theoretically be made available to the anoxic 
tissue through the effect of an additional supply of 
a respiratory catalyst. That one could apparently 
produce an increased local tissue uptake of oxygen 
under conditions of anoxia in vivo through the 
use of the hydrogen donator, succinic acid, has 
previously been demonstrated (1,2). Cytochrome 
C, in combination with cytochrome oxidase, is 
one of the most important respiratory enzyme 
systems and the following report deals with some 
effects of cytochrome C. An additional reason 
for the selection of cytochrome C for our studies 
is the fact that it is present in normal tissues in 
amounts far below what is required for tlie full 
activation of the cytochrome-cytochrome oxidase 
system. That is to say, there is relatively more 
cytochrome oxidase present in the organs than is 
necessary for activation by the cytochrome C 
present, as noted in Table I. These figures are 


TABLE I 

Gammas cytochrome C per gram of fresh tissue 


Organ (rat) 

Required for half 
of maximal activa- 
tion of oxidase 

Found 

by 

analysis 

Heart 

1700 

371 

Kidney 

860 

247 

Liver 

675 

90 

Brain 

720 

50 


based on calculations from data reported by other 
workers (5). Hence, if additional cytochrome C 
could be supplied to the organs, it might be ex- 
pected to be effective. 

iThis work was done with the aid of grants from 
Brewer & Company, Inc., and the Charlton Fund. 


I'lic (ircuinuhitiaii of inject, 'd cylnchrpine 
C in organs 

It is obvious that injected cytoclironie C cat> be 
effective only it it actually penetrates to the organs. 
Since cytochrome C is a protein and thus a large 
molecule, there was uncertainty as to whether it 
would pass through the capillaries sufficiently to 
accumulate in the organs in effective amounts. 

TAni.r. n 

Cytochrome C content of organs and Mood of rets 
before and after injection 


1. Cytochrome C content of organs (gamm.as per gram) 

of rats 


No. of animals used 

Organ 

Minimum 

Maximum 

Average 

15 

Heart 

185 

270 

220 

16 

Kidnev 

126 

245 

18S 

IS 

Liver 

60 

165 

120 

2 

Spleen 

105 

no 

lOS 


2. Cytochrome C content of organs (gammas per gram) 
and blood (gammas per 100 ml.) of rats 30 minutes 
after intravenous injection of Cytochrome C 


Amt. of 
Cyt. C 
injected 

1 mgm. 

1 2 mgm. 

1 

S mgm. 

1 

10 mgm. 

20 mgm. 

i 

1 

1 50 mgm. 

1 

Blood 


35 

102 

185 


257 

Heart 

393 

305 

440 

230 


215 

Kidney 

360 

362 

291 

350 


765 

Liver 

163 

187 

225 

250 


178 

Spleen 

140 

290 

147 

570 1 

6S0 



Furthermore, if it did accumulate, it was neces- 
sary to obtain information as to how long it re- 
mained unchanged in the organs. We found that 
it was in fact possible to increase the organ con- 
tent of cytochrome C after injection and that this 
injected substance was relatively stable. - 

Table II shows the amounts of cytochrome C in 
organs and blood of control animals (rats) and in 

2 The method of determining the organ content of cyto- 
chrome C was that of Potter and Dubois (5). The 
method for preparing cytochrome C was that of Keilin 
and Hartree (6). 
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animals following the intravenous injection of 
varying amounts of cytochrome C. It will be 
noted that there is a distinct increase in the organ 
content of cytochrome C following the injection 
of as little as 1 mgm. of the substance. It is of 
interest to note further that increasing amounts 
of injected cytochrome C beyond a certain amount 
(in these experiments, 5 to 10 mgm. intravenous- 
ly) seem to produce a paradoxical effect on the 
content of cytochrome in the heart and liver so 
that with doses of more than 5 to 10 mgm. of 
cytochrome C intravenously, there is not a further 
increase in these organs of cytochrome C, but 
rather a decrease toward the normal values. On 
the other hand, in the kidneys and spleen and in 
the blood as well the content of cytochrome C 
continues to rise with increasing doses of the 
injected substance. 

TABLE in 

Cytochrome C content in organs of rats after injection 
intravenously and intramuscularly 


animal and tliat the organ content of the substance 
could be increased following parenteral injection, 
it remained to determine whether such an increase 
of c}i:ochrome C as we could produce in the organs 
was of a sufficient magnitude to increase the 
oxygen uptake of the tissue. We approached this 
problem by studying the influence of added cyto- 
chrome C on tlie oxygen uptake of isolated rat 
organs. That the increase of c^lochrome C of this 
general order of magnitude could produce a sig- 
nificant increase in the oxj'gen uptake of homo- 
genized tissue suspensions is demonstrated in 
Table IV. The concentration of cytochrome C in 


TABLE IV 


Oj consumption during 10 minutes incubation at 37° C. 
[mm3 0} per 100 mgm. fresh tissue)* 


Organ (rat) 
Liver 
Kidney 
Kidney 
Heart 


No cj’tochromc C 
added bej-ond usual 
content 

41 

SO 

54 

24 


300 gammas o’to- 
chromc C added 
per ml. medium 

60 

79 

97 

50 


1. Cytochrome C content in organs of rats (gammas per 
gram) after intravenous injection of 
2 mgm. of cytochrome C 


Time after injection 

minutes 

hours 

30 

60 

\ ^ 

IS 

Heart 

378 

303 

303 

165 

Kidney 

380 

335 

150 

120 

Liver 

203 

142 

76 

58 


2. Cytochrome C content in organs of rats (gammas per 
gram) after intramuscular injection of 
2 mgm. of cj'tochromc C 


Time after injection 

I minutes 

1 hours 


30 

60 

2 

15 

Heart 

261 

234 

360 

220 

Kidney 

203 

222 

240 

254 

Liver 

113 

lOS 

124 

175 


Table III shows tiic relative increase in the 
cytochrome C content of organs following intra- 
muscular and intravenous injections. There is 
seen to be a slower and less marked rise following 
intramuscular injection as comparctl with the in- 
travenous injection. 

G'.anges similar to th.csc in rats were observed 
after injections of cytoch.romc C in rabbits. 


/V.-y.ffVoy 

It: z-itn 
tb.nt cytcvl 


u? cfi'iTts oj injcclcf cytcchrof. 

cxprriir.i'v.ts. H.-ving dc-n;'-::' 
MUC c I c’.r.ti vc'.y stable in t;.t 


C. 


the Ringer’s solution serving as medium for the 
homogenized tissue suspensions was made to cor- 
respond with that found in the organs of the 
injected animals. 

It will be seen that there is under such circum- 
stances an increase of ox)-gcn consumption of 
about 50 to 100 per cent. It would appear, there- 
fore, on theoretical grounds that we were able to 
increase significantly the conditions for oxj-gen 
uptake in the organs studied by the increase in 
the cytochrome C content of the organs resulting 
from the injections. 

In vivo experiments. The observations on the 
enhancing effect of added cylochromc C on the 
oxygen uptake of isolated tissues raised tlic ques- 
tion as to whether similar effects might be demon- 
strated in intact animals. Tl’.c total oxygen con- 
sumption of normal dogs was found to l.>e un- 
changed after the injection of ns much as 50 mgm. 
of cj'tochrome C intravcnou-lv, \Vc then ULcle 
obserwitions on the arteriover.f tis oxvgen 'liffcr- 
enccs to detcnninc v.hetb.er tr.crc v.t.‘ v-iden'r ( • 
increased ti^-uc uptake f : ( vygen r.‘- ie. Iirr.!*'-! bv 
a decrca-c in the ve;;-U' c- e.f.nt » x\,gen. 7, be 
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C under conditions of anesthesia and anoxia. The 
answer appears to be that there is a reciprocal 
relationship between the cytochrome C content of 
the blood and the liver, so that as the level in the 
blood decreases as a result of anoxia, the content 
in the liver simultaneously increases. This recipro- 
cal relationship is demonstrated in Figure 4. Our 
observations on this phenomenon were limited to 
the liver because this is the only organ easily sus- 
ceptible to repeated biopsies for tissue analyses 
without serious impairment to the total function- 
ing of the body. A similar situation may well be 
obtained in the other organs. This phenomenon 
suggests that the supply of cytochrome C circulat- 
ing in the blood stream acts as a reservmir to be 
called upon as the need arises and to be replen- 
ished when the need no longer exists. 

The ultimate fate of the injected cytochrome C 
is obscure. There is reason to suspect that it is 
at least largely broken down before excretion in- 
asmuch as we were never able to recover it in the 
urine. Nor were we able to recover porphyrin, 
one of its possible breakdown products. 

SUMMARY 

1. The cytochrome C content of organs (heart, 
brain, liver, and kidney) is far below that required 
for the maximal activity of the cytochrome oxidase 
present. This apparent suboptimal condition for 
the action of the cytochrome-cytochrome oxidase 
system in normal tissues led us to attempt first to 
increase the cytochrome C content of the organs 
and then to study the effects resulting from supply- 
ing such additional cytochrome C. 

2. We find that cytochrome C prepared from 
beef hearts is stable, non-toxic in large doses, 
recoverable from the blood, and in increased 
amounts from the organs after intravenous and 
intramuscular injections, and apparently broken 
down before excretion because it is not recoverable 
in the urine. 

3. Following the intravenous injection of cyto- 
chrome C, there is a considerable increase in the 
content of this substance in the heart, liver, and 
kidney of the rat and rabbit. There is a similar, 
though delayed, increase following intramuscular 
injection. 


4. It has been demnnslrated by in vitro experr 
mcnls that an increase of cytochrome C, similar tf 
that produced in living organs by injectifm is .sufii' 
cient to jiroduce a significant increase in tissiu 
uptake of oxygen. 

5. In the dog. under conditions of anoxia, in- 
jected cytochrome C increases the artcriovenou: 
oxygen difference, presumably by increasing tlu 
withdrawal of oxygen from the arterial blood 
Under conditions of nonnal o.xygcn tension, in- 
jected cytochrome C docs not influence the arterio- 
venous oxygen difference in man. 

6. By daily intravenous injections, a satisfactory 
blood level can be maintained. 

7. Under conditions of anoxia, the liver con- 
tent of cytochrome C increases after injection, 
whereas the blood level decreases. With release 
from anoxia, there is a decrease in liver content 
and an increase in blood level. This suggests that 
the supply of cytochrome C circulating in the blood 
stream acts as a rcscr\-oir to be called upon as the 
need arises and to be replenished when the need 
no longer exists. 

This work was done with the technical assistance ol 
Mrs. Bella Wadlcr. 
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The improvement observed in patients with 
Graves’ disease following the administration of 
iodine is a phenomenon which has excited con- 
siderable speculation as to its mechanism, 

Plummer (1) who introduced (or better, re- 
introduced) iodine in the therapy of Graves’ dis- 
ease, advanced a 2-product theory of thyroid secre- 
tion in that malady. His suggestion was that an 
incompletely iodinated hormone is secreted in 
Graves’ disease which has toxic properties not 
possessed by the normal hormone. The improve- 
ment under iodine therapy he attributed to resto- 
ration of complete iodination of the hormone 
molecule. 

In this clinic, studies have been in progress on 
the action of iodine in Graves’ disease ever since 
Plummer’s contribution in 1923. For his 2- 
product theory, there has been found little if any 
convincing support, but his claims as to the 
benefit conferred by iodine in Graves’ disease have 
been abundantly confinned. 

In contrast to Plummer’s 2-product thcon,’, wc 
wish to suggest a theor}’ that iodine has 2 quite 
distinct actions upon the thyroid, not only in 
Graves’ disea.se, but perhaps under other circum- 
stances as well. 

Tlie genn of a 2-action theory of iodine goes 
i)ack a good many years in our clinic. For ex- 
ample, in 1929 (2). the following opinion was 
e>:prc.sse<l : “Wc believe that for the present, .at 
least, it will l>c wholesome for the profession to 
look upoti the action of mimUc amounts of iodine 
in preventing cmlemic goiter as being in its 
nature very (lifferc.nt fro;n th..at o: far Larger 
ijnantities in bringing ab'.''.;t <lc‘,Pxication in cx- 
opl;tb..aimic goiter.” 

Xy rr;.'".!'. !'.r !■ ‘;;.b IXzry, Jz., Fov-.L.- 

C‘, r ; . r-.'. :r. i-r 'g.r;-. I’-r -z. 

• Hrr.rj P. ViLt:.;*. FtP Hirvin! Vrbrri'n. 


The primordial role of iodine in thyroid econ- 
omy is obviously that of supplying an ingredient 
essential to hormone synthesis. We may call this 
the “iodinating action.” It has been estimated that 
in the healthy human this function can be sen'cd 
by as little as 0.075 mgm. of iodine per day. If 
an excess of iodine, that is to sa)', more than is 
necessary to serve the iodinating function, is ad- 
ministered to a normal person, it exerts no note- 
wortliy effect. The thyroid traps the iodine 
needed and lets the rest go by to be excreted. If 
the quantity' of iodine ingested is insufficient to 
fill the needs of the iodinating function, an iodine- 
want type of goiter develops. 

The picture is very different in Graves’ disease. 
Here the thyroid is rapidly utilizing available 
iodine in the manufacture of thyroid honnonc and 
has an avidity for iodine which is about 2 to 3 
limes that of the normal human thyroid. In this 
disease when iodine is administered in adequate 
amounts involution of the thyroid and detoxica- 
tion of the patient results. However, tlic dose of 
iodine necessary to produce this effect is 6.0 mgm. 
or more daily (3), an amount that is at least RO 
times as great as the amount of irxlir.c necessary 
to prevent the development of an iodine-want 
goiter. This action of iodine wc can call tb.e 
involuting action. 

The manner in which this involuting action is 
produced lias Ivecn ob'curc. Became of the sim- 
ilarity of tlic curves of tlic ziKt.abolic re p.'nre f'; 
isoline in Graves’ disease an.'! the tlr.Ti.xine 
decay in tlic tiiyrcidectomircd subject, it v a'. rou- 
clu'lcd th.'.t in Graves’ di'’.-a'c t’;c efTr-.t <: p. 
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facture or to some barrier to the escape of hormone 
from the gland. Certain obscr\'alions (5) would 
support the latter. It was demonstrated that the 
total and thyroxine-like iodiiic of tliyroids removed 
from thyrotoxic patients after iodine treatment 
were as great or greater than those observed in 
normal human thyroids in contrast to the low 
values observed in the thyroids of thyrotoxic 
patients who had had no iodine therapy. 

The theory was advanced (6) that at least part 
of the action of iodine was to suppress the secre- 
tion of the thyroid-stimulating hormone of the 
pituitary. It was proposed that part of the action 
of iodine was to prevent the action of the thyro- 
tropic hormone (7). 

It has been suggested (S) that “the effect of 
iodine therapy is to favor the synthesis and depo- 
sition of thyroid hormone rather than its release.” 
More recently this tlieory has been elaborated 
upon by an investigator who considers this the 
best explanation as to why iodine is beneficial in 
the treatment of Graves’ disease (9), He sug- 
gests “that the gland is made to secrete internally 
into its follicles rather than externally into the 
blood stream. Thus iodide in excess,” he suggests, 
“may be said to reverse the direction of flow of 
hormone.” 

In the light of the theory advanced by tliese 
investigators (8) it can be argued that what we 
have defined as separate actions of iodine are 
actually no more than 2 aspects of a single action. 
Such an argument can be refuted by separating 
the 2 actions. Such a separation involves the use 
of a goitrogenic drug like thiouracil. It has been 
demonstrated (10 to 13) that under sufficiently 
large and sustained dosage with this drug, utili- 
zation of iodine for hormone manufacture by the 
thyroid can be kept in abeyance. Under this treat- 
ment, the thyroid becomes hyperplastic due to 
pituitary stimulation, but still no thyroid hormone 
is synthesized because of the impediment to iodi- 
nation exerted by the goitrogenic drug. Yet, if in 
Graves’ disease while continuing the suppression 
of the iodinating action through the administration 
of thiouracil, iodine is given in addition, as the 
following observations demonstrate, involution of 
the tlryroid can be induced. Thus, under these 
circumstances the iodinating action and the involu- 
ting action have been divorced. 


oiisr.ftVATioN'':, MArrfUAf. an'o 7-tv.ruow. 

Tor the jniriKT-r »if t!;': i asr! irs- 

volutin}: .nctinnr. of irKlinc. tiir, fnU/r.vic.^: r-t!!'!!'" v.rrr nu'!" 
in 7 p.itiaUs .iitfFrrhii; from Gravr;’ hs *1 p-Ui-nf. 

the hir.tf)!o}:>- of llir thyroid wa*. r-tudi-t! in it ion,: of 
biopsy spccirnrnr. t.nkrn before ar.y therapy, an ! after 
a f.ill in tlic rate of niri.aholi'.rn to .n f.;.arui.>rd Irvrl had 
been produced by thr .idniinistr.ati.in of tfdonr.rrt!. Ti.fsc 
histolojdc f.pcciincn:. were rntnprrrd v/itii section', t.akrn 
from several areas of the op^rativcly-rrai ord th.yroidr 
after continued tliimiracil and added indinr tre.atnt-nt. In 
d other patients tlic histolnyy of 1 biopsy sf'^cirnen, taken 
from the thyroid after treatment with thiouracil ii.ad pro- 
duced a fall in the rate of inetaholism to a .st.attfbrd level, 
was compared with the microscopic picture of several his- 
tologic specimens taken from the operativc!y-rcr::ovcd thy- 
roid after iodine had been added to the continued thiouracil 
treatment. 

The urinary excretion of tracer doses of radioactive 
iodine w.as determined in 3 cases before beginning any 
form of treatment and in 6 cases after thiouracil treat- 
ment bad caused a fall in the rate of metabolism to a 
standard level. Finally, the tot.al iodine and the Ihyro- 
globulin iodine of each opcrativcly-rcmovcd thyroid were 
determined. 

All of the iodine administered to 1 patient, A. S., No. 
24684, was labelled with radioactive iodine and thus a 
balance study was made. This patient was a 16-ycar-old 
female who suffered from a moderately severe Graves’ 
disease. Her pretreatment basal metabolic rate level was 
plus 35. Before beginning treatment, she received ISO 
micrograms of iodine as sodium iodide labelled with 100 
microcurics of 8-day half life radioactive iodine, and the 
urinary excretion of the labelled iodine was followed. 
Two days later a biopsy was taken from her thyroid. Fol- 
lowing the biopsy thiouracil was administered, 0.2 gram 
every 6 hours. Her basal metabolic rate fell to a level 
of plus 10 in 8 days. On the eighth day of treatment, a 
second tracer dose of iodine was given, and another biopsy 
was taken from her thyroid on the tenth day. Following 
the second biopsy, thiouracil treatment was continued and 
300 mgm. of iodine as sodium iodide were administered 
daily for 10 days until the thyroid was removed. The 
iodine was exhibited 1 hour after 1 0.2-gram dose of 
thiouracil had been given. Each daily dose of iodine was 
labelled with 100 microcuries of 8-day half life radio- 
active iodine. All urine was collected and the iodine ex- 
creted was determined by measuring the radioactivity in 
the urine. The radioactivity contained in several speci- 
mens of the operatively-removed thyroid was also deter- 
mined on alkaline digests of these samples. 

The patients on whom these studies were made were 
all females varying in age from 16 to 37 years. All but 
1 had a moderately severe thyrotoxicosis with pretreat- 
ment BMR levels which ranged between -h 20 and -f 55. 
A. H., No. 25234, was only mildly thyrotoxic and probably 
not a good subject for this study. It is interesting to note, 
however, that her thyroid thyroglobulin iodine was quite 
low (see Table II). Only 2 of the patients, R. M., No. 



THIOURACIL WITH IODINE IN GRAVES’ DISEASE 


871 



i!. After ti) iliiiiiir.'ifil. I . After tliintirncil plus iodine. 
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A B 

Fig. 2. THYROin Gland, Case No. 25314. Magnification = 450 X. 
A. After response to tliiouracil. B. After thioiiracil plus iodine treatment. 


25314, and E. L., No. 25198. had had iodine in any form 
within 6 months before tliiouracil treatment was begun. 

The histologic studies of thj’roid biopsy specimens and 
operatively-removed thj’roids were compared (juantitatively 
by determining the mean acinar cell height of each speci- 
men. This was done by measuring under oil immersion 
the height of 1 representative cell from each of 100 suc- 
cessive acini and then determining the mean of each 
plotted curve. 

The urinary excretion of radioactive iodine was deter- 
mined by comparing the radioactivity in a measured sam- 
ple of the urine with a standard taken from the original 
sample given the patient. The sample of radioactive 
iodine given the patient contained 100 microcuries of 8-day 
half life radioactive iodine with 150 micrograms of iodine 
as sodium iodide. All urine was collected and saved for 
48 hours after administering the labelled iodine. 

The thyroids after being weighed were minced in a 
Waring blender and then digested in 0.01 N sodium h}'- 
droxide and filtered through gauze. A sample was then 
removed for determination of total iodine and another 
sample was removed and dialysed. Thyroglobulin was 
then precipitated b 3 ' lowering the pH to 5.4 to 5.6 with 
slowly added 0.1 N acetic acid. The iodine was deter- 
mined in each of the 3 samples by the method of Astwood 
and Bissell (11). 

The thiouracil was administered in 0.2 gram doses every 
8 or every 6 hours throughout the period of study. Iodine 


was administered to all patients except A. S., No. 24684, 
as saturated potassium iodide 0.3 ml. (330 mgm.) daih-. 
The iodine was given 1 hour after one 0.2-gram dose of 
thiouracil had been administered. 

RESULTS 

Mean acinar cell heights of tliyroid parenchyma 
are given in Table I. These show in 4 cases, 


TABLE I 

Thyroid cell heights, before and during thiouracil treatment, 
and after thiouracil plus iodine treatment 


Patient 

Lab. no. 

Mean acinar cell lieiKlit in micra 

At biopsy 
before 
any 

treatment 

•At biopsy 
after 
thiouracil 
treatment 

At operation 
after thiouracil 
plus iodine 
treatment 

C. T. 

24972 

12.6±0.14* 

13.9rfc0.14* 

6.2 ±0.03* 

A. H. 

25234 

11.1±0.13 

10.8±0.13 

7.4±0.05 

H. M. 

25097 

13.9±0.19 

14.3 ±0.15 

8.2 ±0.05 

A. S. 

24684 

15.3±0.14 

17.3±0.17 

10.3±0.07 

E. L. 

25198 


13.8±0.16 

6.4±0.01 

M. D. 

25105 


13.8±0.12 

6.3 ±0.05 

R. M. 

25314 


13.5±0.12 

5.8±0.05 

Average 


12.9 

13.9 

7.2 


* Standard error of mean. 




•it" II. It, .\llvr tliiiiiir.icil. ,\ftiT ihiounicil and iodine. 
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befoi'C any treatment was given, an average of 
13.2 micra. In the specimens removed at biopsy 
in these same 4 cases, after tliiouracil, the average 
mean acinar cell height had risen to 14.1 micra. 
The average mean cell height in 7 cases after 
tliiouracil, but before iodine was 13.9 micra. In 
these same 7 cases after both drugs had been 
exhibited the average mean acinar cell height had 
fallen to 7.2 micra. The histologic changes ob- 
served in these thyroids are illustrated in Figures 
1 to 3. 

In Table II are shown values for the excretion 
of radioactive (labelled) iodine in 3 cases before 
any drug was given, and in 6 after treatment 
with thiouracil. The average excretion before 
thiouracil was 25 per cent of the administered 
dose. In these same 3 cases after thiouracil treat- 
ment, it had risen to 83.7 per cent. In 6 cases 
after thiouracil treatment, the average radio iodine 
excretion was 80.3 per cent. This increased 
radioactive iodine excretion in the thiouracilized 
patient strongly suggests diminished utilization in 
the gland. 


TABLE II 

Radioactive iodine excretion before and after 
thiouracil treatment 


Patient 

Lab. no. 

Before treatment 

After treatment 

C. T. 

24972 

per cent 

12.7 

per cent 

94.5 

A.H. 

25234 

46.0 

83.2 

A. S. 

24684 

16.3 

73.5 

R. M. 

25314 


93.0 

E.L. 

25198 


61.0 

M. D. 

25101 


76.6 

Average 


25.0 

80.3 


The iodine content and distribution in the thy- 
roids removed at operation, after both drugs had 
been exhibited, is given in Table III. These 
values are calculated as milligrams of iodine per 
100 grams of fresh thyroid tissue. 

The total iodine values obtained varied between 

6.4 and 41.3 with an average of 22.1 mgm. The 
iodine values of the acid precipitate of digests of 
these tissues varied between 1.1 and 18.5 and 
averaged 7.0 mgm. In 5 cases the iodine values of 
digests of the tissue after dialysis varied between 

1.4 and 21.8, averaging 8.3 mgm. The thyro- 
globulin iodine values here are very low. The 
significance of these low thyroglobulin iodine 


TAiii.r, III 

Iodine values of thyroids reouned at operation 







I’atirtit 



; 




Tn;.,! 


« * t « t > 

i Mi w' 




i ' 

j i-i'lir- 


1 


j f.y-.. r-r 




too 

1 tO'} 

too 

c. r. 

24972 

6.4 

\ 1.2 


II. M. 

25007 

10.0 

7.4 ! 

1.4 

A. n. 

252.14 


1.1 ■ 


A. s. 

24684 

24.7 

2.3 i 

2 0 

!•:. L. 

25198 

26.2 

^1.5 

10.7* 

M. D. 

25105 

41.3 

18.5 

21.81 

R. M. 

25314 

23.4 

1 2.2 

! 5.0t 

Average 


22.1 ^ 

7.0 

1 

j 8.3 


* Had taken iodine for .t months until 3 months before 
thiouracil was administered. 

_t Received 1 dose of iodine wlien tiieoretically free of 
thiouracil effect (see text). 

t Had taken iodine for 5 months until 1 month before 
thiouracil was administered. 

values becomes more impressive when compared 
with the values obtained by the same techniques 
on normal human thyroids, thyroids removed 
from thyrotoxic patients treated with iodine alone 
and on thyroids removed from thyrotoxic patients 
after treatment with thiouracil alone. The total 
and thyroglobulin iodine values determined on a 
small series of normal human thyroids averaged 
67.2 and 29.8 mgm. per 100 grams of fresh thyroid 
tissue respectively. The thyroids of another small 
series of thyrotoxic patients removed after an 
adequate response to iodine therapy had averaged 
total and thyroglobulin iodine values of 50.8 and 
36.6 mgm. per 100 grams of fresh thyroid tissue 
respectively. The total thyroid iodine of 4 thyro- 
toxic patients whose thyroids were removed after 
thiouracil alone varied between 2.95 and 30.4 and 
averaged 18.8 mgm. The thyroglobulin iodine 
values obtained on these same glands ranged be- 
tween 1.07 and 11.8 and averaged 6.82 mgm. per 
JOO grams of fresh tissue. The thyroglobulin 
values obtained on this latter group of patients 
are comparable to the values obtained in our 
study of patients after treatment with thiouracil 
and iodine together. 

In comparing the iodine values on these thy- 
roids, it is of interest to point out that patients 
E. L., No. 25198, and R. M., No. 25314, had 
received iodine for periods of 3 to 5 months until 
3 to 1 months respectively before thiouracil treat- 
men had been begun, and that the somewhat 
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higher thyroglobulin and non-dialysable iodine 
levels observed in their glands might be accounted 
for on that basis. M. D,, No. 25105, gave no 
history of having taken iodine previous to her 
entry which might account for the elevated total 
thyroglobulin and non-dialysable iodine levels ob- 
served in her thyroid. However, on the day that 
the biopsy was taken from her thyroid she received 
0.2 gram of thiouracil at 6 a.m. and none again 
until 10 p.m. of the same day. At 6 p.m. of that 
day she received 330 mgm. of potassium iodide. 
It has been demonstrated (14) that a 0.2-gram 
dose of thiouracil is practically all excreted in 8 
hours. It has also been demonstrated (13) that 
the block to the collection of iodine produced by 
thiouracil lasts only between 6 and 12 hours. It 
would seem quite likely then that the higher level 
of thyroid iodine observed in this patient's tissue 
was due to the administration of iodine when the 
patient’s thyroid was free of any thiouracil effect. 

The urinary excretion of the labelled iodine 
given A. S., No. 24684, is represented graphically 
in Figure 4. It will be observed that this patient 
excreted only 16.3 per cent of a tracer dose of 



Fic. •!. RAV’.n-iot'jNr. R.aunnct. jn Cajk Xo. 

IntriVc sNdvc t!;c linr, Ur:r.:iry cxcrchrr. 

Jrv in'.r.kc I’lnki c m’-”"".' in !:rr.:r sin! Jmorr 
Avr.' civrn wiiii c-rricr r? IJO fr.m.n'a cf r'ri!;n.::ry 
'uv’.i-C. S'-irr’.f-l c-.' '■.’.n'r.'; tnlicf.Ar tb'.A trirrr j-.I-nn v.;j 
riACAi v.;’.b C-'-Tlitn ’.v'.rT'’- ik/ny cf r-!;-_z.rv •?- 
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iodine given 48 hours before her pre-treatmen 
biopsy was taken. After she had received thiour 
acil, 0.8 gram daily for 15 days, she excreted 73.: 
per cent of a similar tracer of radioactive iodine 
Following the second biopsy taken from her thy- 
roid, all of the iodine which she received wa 
labelled with 100 microcuries of radioactive iodin^ 
daily. The radioactivity demonstrated in the ex 
creted urine during and after the 10-day perio( 
of treatment 'vv'ith thiouracil and labelled iodine 
practically equalled the radioactivity administered 
Indeed, when it is totalled, 104 per cent of th^ 
administered radioactive iodine was demonstrabli 
in the urine. The radioactivity demonstrated ii 
the operatively removed thyroid was reported a; 
being too little to measure, 

BISCUSSION 

From the observations made in this study i 
becomes quite apparent tliat the iodinating actior 
can be separated from the involuting action o: 
iodine on the thyroid, inasmuch as thiouracilizcc 
patients exhibit the involuting action withoul 
iodination of the hormone. 

It has been stated by Harington (15) that "the 
first event in the synthesis of thyroxine by tin 
thyroid gland must be substitution of the iodine ir 
the molecule of an organic compound and sucl 
substitution can only occur after oxidation of the 
iodide." It has been reported (16) with in vUrc 
experiments that thiouracil inhibits pcro.xidasc ac- 
tivity in the thjToid and that this diminished per- 
oxidase actirity would interfere with the conver- 
sion of diiodotyTosinc to thyroxine. Since it has 
been amply demonstrated in previous studies that 
thiouracil will prevent the concentration of iodine 
in the thyroid, and in these studies that it will 
interfere with the iodination of thyroid protein, it 
might lx; suggested iltat the enzpne which Ind 
been found to 1)C inhibited has ns a prim.ary func- 
tion the oxidation of io<!ide to ic/line. 

Wiictl’cr it 1)0 peroxid.i'e -.’.liicii lias to do with 
the iodination of th-c tiiyroid protein or ‘■•n-.e oth'-r 
enrwnc. th.e c-.-idcncc from the-e oh'er-.-ati'n' 
-'.'ould indicate that iotline -.‘.hm r.'!n'iir.i‘t«Ted in 
d'.-.= e.' f'f .-CO or m'.rc rrgm. <i.air.' f< 
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storage of a normally iodinatcd thyroid hormone, 
the administration of iodine to a patient having 
Graves’ disease causes involution of the hyper- 
plastic thyroid so characteristic of that malady. 

These observations make untenable the theory 
(1) that iodine causes detoxication of the patient 
with Graves’ disease by bringing about complete 
iodination of the hormone molecule. Lilccwisc, 
the theorjf (8) that “the effect of iodine therapy 
is to favor the synthesis and deposition of hormone 
rather than its release” will require modification. 
It is true that the administration of iodine to a 
thyrotoxic patient will promote the storage of 
thyroid hormone. However as our obscrv'ations 
demonstrate, involution of the thyroid is not de- 
pendent upon the deposition of hormone. A more 
tenable explanation would be that the storage of 
thyroglobulin results from the inhibition of some 
process which has to do with the increased rate 
of secretion of thyroid hormone. It has been 
demonstrated (17) that the 2 earliest effects on 
the thyroid produced by the administration of thy- 
rotropic hormone are an increase in the mean 
acinar cell height and a loss of stored iodine. An 
increase in the rate of collection of iodine was not 
observed until later. Removal of thyrotropic 
stimulation or inhibition of this hormone’s action 
should result then in involution of the hyper- 
trophied thyroid cell and in a cessation of increased 
secretion of hormone. The apparent increased 
deposition of thyroid hormone could then be due 
to a block in the delivery of hormone (4) . 

In 1941, it was reported that explants of thy- 
roid tissue, when bathed in a medium containing 
pituitary extract, inactivate the thyrotropic hor- 
mone, whereas explants of other tissues, excepting 
thymus and lymph nodes, have no effect on the 
thyrotropic hormone exposed to them (18). On 
the basis of these observations, we have thought 
that the thyrotropic hormone in exerting its action 
on its endorgan is inactivated possibly by com- 
bining with some substance in the thyroid or by 
contributing some essential part of its molecule to 
the metabolism of the thyroid cell. In another se- 
ries (19) of in vitro studies, we have observed that 
the inactivation of thyrotropic hormone contained 
in the bathing medium upon exposure to explants 
of thyroid tissue slices was almost completely in- 
hibited if iodide was contained in the medium. 
These observations would indicate then that iodine 


exerts its involuting effect in Gr.ivrd by 

inhibiting the action of tiic tiiyrutropic borni'mc. 

A major criticTun f(j the theory that flu- involu- 
ting action of inrlinc is brought about by j’.'Jiitjiting 
the action of tliyrotropic horuif>tu' (>:i the thyroid 
is that iodine, when nr!mini*.!cref! to in- 

dividuals, has not bi-cn olKcrvcv! to (au'.e .any 
clinical hypoihyroiflism. Indeed, its rulniini.stra- 
tinn to patients with Graves’ dise.a.se only rarely 
causes a state of hypothyroidism. 

On the other iiand, it might be {)'>inted out 
that in another in vltrp .study it was observed 
(20) that cxqdanl.s of ti.ssiic slices taken from 
thyroids of patients with Graves' disea.se inacti- 
vated about twice as much thyrotro[>ic hormone 
as did similar e.xjilanted slices taken from norma! 
human thyroids. It may be suggested then that 
iodine, when administered to patient.s with Graves’ 
disease, acts by inhibiting an increased sensitivity 
of the thyroid cell to the action of thyrotropic 
hormone and that since this increased sensivitity to 
thyrotropic honnonc docs not exist in normal 
human thyroids, the action of iodine in these 
people does not cause any dramatic effect. 

SUMMARY 

Patients with Graves’ disease have been studied 
before any medication was given, after treatment 
with thiouracil had caused a fall in the basal 
metabolic rate to a standard level and after re- 
cehdng both thiouracil and iodine. Obsen-ations 
have included microhistometric studies of biopsy 
specimens taken before either drug, after thiour- 
acil treatment, but before iodine, and of glands 
removed at operation after treatment with both 
drugs. 

Urinary excretion of radioactive iodine was 
determined before and during thiouracil treat- 
ment. Total and bound iodines were determined 
in the operatively removed thyroids*. 

The results show hyperplasia due to the disease 
before thiouracil, — average mean thyroid cell 
height 12.9 micra; and a greater degree of h3^per- 
plasia after thiouracil, — average mean acinar cell 
height 13.9 micra. However, involution was ob- 
served after iodine had been administered in 
addition to thiouracil, mean cell height 7.2 micra. 

Before treatment with thiouracil the excretion 
of radioactive iodine averaged 25 per cent. Dur- 
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Ing thiouracil treatment, the average excretion of 
radioactive iodine was 80 per cent. 

The iodine values of thyroids removed at oper- 
ation averaged for total iodine 22,1 mgm. per 100 
grams of fresh thyroid tissue, and for thyroglo- 
hulin iodine 7.0 mgm. per 100 grams of fresh 
tissile. These values are comparable to the values 
obtained from the thyroids of thyrotoxic patients 
removed after treatment with thiouracil only. 

CONCLUSIONS 

■ It appears (I) that under thiouracil treatment 
the hyperplastic thyroid gland of Graves’ disease 
becomes yet more hyperplastic, (2) that thiouracil 
prevents the utilization of iodine by the thyroid, 
(3) that notwithstanding this block to the collec- 
tion of iodine produced by thiouracil, iodine causes 
involution of tlie thyroid gland in Graves’ disease. 

Therefore, it is concluded that iodine exerts 2 
actions upon the thyroid gland in Graves’ disease, 
an iodinating action and an involuting action, and 
that these 2 actions can be separated one from the 
other by means of tliiouracil. 
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Changes in respirator}"^ and circulatory function 
in patients with fever have been noted by clinicians 
for many centuries. In recent years a number of 
investigators have studied respiration and circu- 
lation in patients with febrile diseases (1), and 
many data bearing on these aspects of fever are 
available. Systematic studies on the reaction of 
the body to fever in different phases of a febrile 
reaction, however, have not been published. The 
present report is based on observations made 
upon patients experiencing an endogenous febrile 
reaction, i.e., fever consequent to the introduction 
of foreign protein or microorganisms into the 
body. The effects of fever induced by physical 
means such as heating cabinets, hot baths, infra- 
red radiation and diathermy are discussed else- 
where (1). 

MATERIAL AND METHODS 

Studies have been made on 8 subjects ranging in age 
between 25 and 63 years; 3 of them were women (Cases 
1, 3, and 6). All were given fever for therapeutic pur- 
poses; the diagnoses included paresis (Case 2), rheuma- 
toid arthritis (Cases 1, 3, 5, 6, 7), gonococcal arthritis 
(Case 4), and lymphedema of the face of unknown origin 
(Case 8). Fever was induced by means of the injection 
intravenously of a typhoid vaccine. 

All studies were begun with the patients in the basal 
state; tlie patients remained in bed, taking no food and 
only small amounts of water throughout the period of 
observation on a given day. All measurements, except 
that of cardiac output, were made with the patient re- 
cumbent in bed; the cardiac output was measured with 
the patient propped up at an angle of about 30°. The 
pulse and respiratory rates were counted for 1 minute at 
frequent intervals. Arterial pressures were measured by 
the auscultatory method. The cardiac output was meas- 
ured by the method of Starr and Gamble (2), the oxygen 
consumption, respiratory minute volume, alveolar air^ 
carbon dioxide content and respiratory quotient being de- 
termined at the same time. The arm-to-tongue circula- 
tion time was measured by means of sodium dehydrocho- 
late (3), and the venous pressure was estimated by the 

^ This study was aided by a grant from the Josiah Macy, 
Jr. Foundation. 


direct method of Moritz and von Tabora (4). Samples 
of blood taken from the femoral artery and from femoral 
and antccubilal veins without stasis were an.alyzed for 
oxj'gcn and carbon dioxide by means of the method of 
van Slyke and Neill (5) as modified by Ficser (6). The 
lung volume and its subdivisions were measured by the 
method of Christie (7), modified somewhat (8), the oxy- 
gen consumption being estimated at the same time. The 
method of Gibson and Evelyn (9) was used for measur- 
ing the plasma and blood volumes; the “direct" technique, 
using repeated injections of dye, and the “indirect" tech- 
nique, using repeated observations after a single injec- 
tion, were both employed. An attempt to study the func- 
tion of lymphatics was made by means of a method sug- 
gested by Griffith (10), using the dye T-1824. The small 
blood vessels of the nailfold were studied by means of a 
microscope which magnified 100 times after cleansing the 
skin with xylol and application of liquid petrolatum to tlic 
area to be observed. The pH of the arterial blood was 
studied by means of a potentiometer with glass electrodes. 

OBSERVATIONS 

1. Clinical findings. A febrile episode was 
found to consist of 4 phases which have been 
designated: {!) prodrome, (2) chill, {3) flush, 
and (4) defervescence. 

The prodrome began after the injection of the 
typhoid vaccine, lasted for 30 to 90 minutes and 
was characterized by a variety of complaints in- 
cluding lassitude, headache, aches and pains, and 
malaise. The chill phase developed rapidly and 
manifested itself by increasing pallor, gre 3 dsh 
cyanosis, narrowing of all the superficial veins, 
hyperventilation, the appearance of a few beads 
of perspiration on the face and, at times, goose- 
flesh over the extremities also. Nausea occurred 
in almost all patients and, was associated with 
vomiting in some. The rectal temperature rose, 
but the skin remained cool; tlie patients com- 
plained of feeling cold and exhibited a strong 
tendency to shiver. In some experiments this 
tendency manifested itself only by tensing of the 
muscles, while in others vigorous rigors occurred. 
If rigors developed, they could be abated by cov- 
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ering the patient, and if not present, they could approximately an hour and one-half. It could be 
be precipitated by exposing the patient to a blast prevented by the previous administration of anti- 
of cool air or by placing a small piece of ice in his pyretic drugs. The flush phase vvas characterized 
hand. Urine formation was minimal or absent by the rapid development of a generalized flush 
during the chill phase. The chill phase lasted for which usually persisted but which might regress 
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somewhat initially before becoming established. 
The cutaneous veins became greatly dilated. A 
drenching sweat often developed at or shortly 
after the appearance of the cutaneous^ flush, but 
in patients who had had a severe dull reaction 
the onset of severe sweating was often delayed 
for 10 to 20 minutes. At about the time of the 
establishment of the flush phase the patient com- 
plained of feeling warm and the skin felt hot; 
the rectal temperature remained at a high level 
with only minor fluctuations. A pounding head- 
ache was usually present. Nausea and vomiting 
were relieved with tlie onset of the flush phase. 
The onset of the flush phase was often associated 
with a diuresis. The flush phase lasted for ap- 
proximately an hour and then passed gradually 
into the phase of defervescence when all abnormal 
findings regressed over a period of several hours. 
In a few instances, defervescence was interrupted 
by a second chill phase which instituted another 
typical febrile cycle. 

2. Cutaneous capillary microscopy. No changes 
in cutaneous circulation occurred during the pro- 
drome. The chill phase was ushered in by the 
rapid disappearance of most of the capillaries, the 
few remaining visible capillaries becoming greatly 
narrowed and containing blood moving abnorm- 
ally slowly. The columns of blood in the capillaries 
appeared segmented. The vasoconstriction in some 
instances was at first variable, but soon became 
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3. Fall i.v ARTEniAL Pressure in Chill Phase 
AND Further Decrease in Plush Phase 



0 . I . 2 . 3 • 4 • 5 HOURS 

Fig. 2. Initial Rise in Arterial Pressure in Chill 
Phase and Marked Fall in Flush Phase 


marked. In all instances it persisted until the 
onset of the flush phase. The latter was associ- 
ated with the rapid appearance of large numbers 
of widely open capillaries containing blood mov- 
ing very rapidly. All visible vessels, including 
arterioles and venules, appeared to pulsate. In 
some instances the onset of the flush phase was 
associated with the alternate appearance and re- 
gression of vasodilatation for a few minutes until 
finally the vasodilatation became established. Dc- 
fe)-vcscence was characterized by a gradual return 
toward normal. 

3. Arterial pressure. No changes occurred dur- 
ing the prodrome. A rise in systolic and diastolic 
blood pressure usually occurred in the early part 
of the chill phase, but this rise was not noted in 5 
of 26 studies on the arterial . pressure. In 7 ex- 
periments the arterial pressure fell below the con- 
trol level late in the chill phase, the maximal de- 
creases being 30 mm. Hg systolic and 26 mm. 
Hg diastolic. The onset of the flush phase was 
associated with a fall in arterial pressure, the . 
maximal decrease below the control levels being 34 
mm. Hg systolic and 46 mm. Hg diastolic. The 
arterial pressure gradually returned to normal 
during defervescence (Figures 1 to 3). 

4. Venous pressure. No striking changes oc- 
curred, but a tendency toward lowering of the 
venous pressure became apparent during the chill 
phase (Table I), with resumption of normal levels 
during the flush phase. 

5. Cardiac output and arteriovenous oxygen 
difference. The minute volume output of the 
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TABLE I 
Venous pressure 


Case 

Venous 

pressure 

Remarks 

Rectal 

temperature 

1 

cm. of HiO 

2.9 

Control 

“F. 

99.2 


2.9 

Early chill 

99.6 


5.9 

Moderate chill 

101.3 


2.1 

Moderate flush 

102.0 

2 

9.3 

Control 

99.4 


3.3 

Early chill 

100.1 


3.1 

Moderate chill 

100.9 


3.5 

Moderate flush 

104.2 

3 

6.5 

Control 

99.3 


6.0 

Early chill 

101.7 


1.5 

Severe chill 

104.6 


2.5 

Moderate flush 

105.2 

4 

3.0 

Control 

99.3 


3.9 

” ^ Moderate chill 

103.3 


3.5 

Moderate flush 

105.7 


2.0 

Defervescence 

105.5 

5 

4.5 

Control 

99.0 


1.5 

Severe chill 

99.8 


3.5 

Moderate chill 

103.4 

7 

1.5 

Control 

99.1 


0.5 

Moderate chill 

101.5 


1.0 

Moderate flush 

103.5 

8 

4.7 

Control 

99.1 


2.0 

Elarly chill 

100.5 


1.8 

Severe chill 

101.2 


5.0 

Moderate flush 

103.5 


heart and arteriovenous oxj'gen difference were 
normal before the onset of the chill phase in all 6 
subjects studied (Table II). Changes in cardiac 
output were variable during the chill phase, in- 
creases occurring in half the cases. However, 
the increases in cardiac output which occurred 
were, except in 1 experiment, smaller than ex- 
pected from the observed changes in ox}'gen con- 
sumption; in 2 of the 3 patients the cardiac out- 
put relative to oxygen consumption fell 14 and 15 
per cent. In the patients in whom cardiac output 
did not rise at any time and fell only in the chill 
phase, the .absolute decreases were between 12 and 
33 per cent, and the decreases relative to oxygen 
consumption between 24 and 57 per cent. In the 
chill phase a variable increase in arteriovenous 
oxygen difference ocairrcd, ranging from 1 to 
131 per cent of tb.e control \-aluc. In 5 of the 6 
patients the anc-unvcsious iliffercncc increased bv 
16 per cent or umre ant! in 1 instance a fail 
tveurred. The ."mount of ir.crer.'c in r.rtcri-’.vcr.- 
oi’.s difference Wiried rougldv wish tn.c '‘everitv 
of tl'.c ch.’.ll rer.ctien. In the nnr-’; pl;a»e all yc- 


tients exhibited an increase in cardiac output in 
excess of the rise in oxygen consumption; the 
absolute increase was between 45 and 182 per 
cent of the control value and the increase relative 
to ox3'gen consumption was bertveen 10 and 86 per 
cent. The arteriovenous oxj’gen difference fell in 
all experiments by 9 to 46 per cent. The changes 
during the flush phase paralleled roughly the 
clinical manifestations of the reaction. 

6. Circulation time. Slowing of the arm-to- 
tongue time occurred during the chill phase in 3 
of the 4 patients studied (Table II). The slow- 
ing varied roughly with the severity' of the chill 
reaction and ranged between 2 and 13 seconds, or 
11 to 100 per cent, of the control level. In 1 of 
these the circulation time became accelerated some- 
what late in the chill phase. The fourth subject 
showed an acceleration of 3 seconds, or 16 per 
cent, when studied in the chill phase. During the 
flush phase the circulation times became accele- 
rated in all instances by 6 to 8.5 seconds, or 28 
to 45 per cent of the control value. The changes 
during the chill and flush phases \’aried roughly 
with the severity' of the reactions as judged by 
clinical criteria. 

7. Pulse rate. A roughly linear rehition ex- 
isted between rectal tempeniture and pulse rate 
(Figure 4). The average rise was approximately 
10 beats per degree of fever. 




+ eo 



+ 50 

UJ 



t- 



< 

a 


+ <o 

u; 

? 


t/) 



a 



tr 

+ 30 

CL 

2:' 




— 



UJ 

o 

c. 

♦ 20 

< 


• 



+ 10* 


• CHILL PMASC 


♦ O C CO e C 
Co 

c • 


.• s 
• • • 


“ I r I 4 ! #- 

•r FTC r. fccTA'- -:f f 

! f. i Cu'-.cr’; I';--.*? '‘.tt Isar.t 

rij'-n:-.' 



882 


M. D. ALTSCIIULE, A. S, FREEDREnG, AKD M. J. MCMAN'fS 


TARLE II 

Cardiac output aud circulation time 


Case 

Cardiac output 

Arteriovenous 

oxj'Rcn 

dificrcncc 

CircuJ.ttion time 

Rrrn 

I'.rct.,! 

1 

L. per mitiule 

3.98 

3.95 

4.41 

5.78 

5.05 

L. per 100 ml. of 
Oi consumed 

1.74 

1.72 

1.82 

2.29 

1.90 

volumes per cent 

5.77 

5.80 

5.49 

4.36 

5.24 

seconds 

18 

20 

14 

12 

14 

Control 

lunrly mild chill 

Ixitc mild chill 
Mtxlcr.itc (lii-h 
Defcrvc.'^cencc 

' r. 

98.0 

00.6 

101.9 

I02.S 

102.0 

3 

3.66 


5.52 

13 

Control 

99.3 


2.74 


8.25 

26 

Modcrnle chill 

102.5 


5.88 


4.54 


Moderate flush 

lOl.O 

4 

4.46 


6.02 

19.5 

Control 

99.3 


3.92 


7.84 

25 

Moderate chill 

103.6 


2.89 

0.72 

13.93 

31 

Severe chill 

105.6 


12.58 

3.09 

3.21 

14 

Severe flush 

105.2 

6 

3.54 

1.73 

5.73 


Control 



3.92 

1.47 

6.79 


Mild chili 



6.90 

2.34 

4.26 


Moderate flush 


7 

3.81 

1.58 

6.33 


Control 



3.07 

1.00 

9.81 


Severe chill 



6.78 

2.10 

4.75 


Moderate flush 


8 

5.15 

2.13 

4.71 

19 

Control 

98 7 


5.45 

1.83 

5.47 

16 

Mild chill 

102 0 


8.01 

2.34 

4.28 

10.5 

Moderate flush 

103.7 


8, Oxygen consumption. In the absence of 
rigors or muscle tensing in the patients, the oxygen 
consumption varied roughly with the rectal tem- 
perature (Figure 5). The average rise in oxygen 
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consumption was approximately 7 per cent per 
degree of fever. 

9. Respiratory minute volume. The respira- 
tory minute volume rose during both the chill 
and flush phases (Table III). During the chill 
phase the hypen'entilation exceeded the rise in 
oxygen consumption, while during the flush phase 
the respiratory volume relative to ox}'gen con- 
sumption per minute fell to or toward normal. 

10. Respiratory rate and tidal air. The respi- 
ratory rate increased somewhat more than the 
minute volume during the chill phase, so that the 
tidal air fell slightly (Table III). During the 
flush phase the rate of respiration fell relative to 
the respiratory minute volume, and the tidal air 
volume rose to or somewhat above normal in all 
instances but 1 (Case 6). 

11. Respiratory quotient. The respiratory quo- 
tient was between 0.78 and 0.83 before the body 
temperature rose. It was between 0.80 and 1.03 
in the chill phase and between 0.81 and 0.86 in 
the flush phase. 

12. Alveolar air carbon dioxide content. The 
alveolar air carbon dioxide content was between 
5.0 and 5.6 per cent in the control and prodromal 
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periods (Table III). It fell to 3.9 to 5.2 per cent 
in the chill and was benveen 4.7 and 4.9 per cent 
in the flush phase. 

13. Subdivisions oj the lung volume. The func- 
tional residual (subtidal) air was increased by 2 


to 24 per cent in the chill phase, the average in- 
crease being 12 per cent; in only 2 patients was 
the increase larger than tlie error of the method 
(Table IV). In the flush phase and dcjcrvcsccncc 
the increases were behveen 1 and 16 per cent and 


TABLE III 


Respiratory dynamics 


Case 

Respiratory rate 

Tidal air 

Respiratory volume 

Alveolar COj 

Remarks 

Rectal 

tem- 

perature 

1 

per minute 

13 

17 

23 

18 

15.5 

nil 

Z,. per minute 

5.38 

5.52 

7.29 

7.20 

6.62 

L. per 100 ml. 
oj Oi consumed 

2.35 

2.41 

3.01 

2.86 

2.50 

Per cent 

5.3 

5.2 

4.7 

4.6 

4.6 

1 Control 

Early mild chill 
Mild chill 

Moderate flush 
Defervescence 

"F. 

98.9 

99.6 

101.9 

102.8 

102.0 

3 

16 

328 

5.25 

2.60 

5.5 

Control 

99.3 


21 

309 

6.50 

2.88 

5.0 

Moderate chill 

102.5 


19 

349 

6.63 

2.47 

4.9 

Moderate flush 

104.0. 

4 

12 

635 

7.62 

2.84 

5.0 

Control 

99.3 


18.5 1 

491 

9.09 

2.96 

4.2 

Moderate chill 

103.6 


18 

520 

9.37 

2.32 

4.3 

Severe chill 

105.6 


16.5 

683 

11.27 

2.79 

4.3 

Severe flush 

104.2 

6 

10 

457 


2.23 

5.6 

Control 

98.0 


25 

261 


2.45 

4.6 

Mild chill 

102.0 


19 

343 

HjKgjH 

2.22 

4.8 

Moderate flush 

101.3 

7 

13 

525 

6.81 

2.83 

5.5 

Control 

98.7 


23 

518 

12.41 

3.97 

3.9 

Severe cliill 

103.3 


19 

624 

11.56 

3.59 

4.1 

Moderate flush 

103.8 

8 

12.5 

516 

6.45 

2.65 

5.1 

Control 1 

98.7 


17 

505 

9.09 

3.05 

4.2 

Mild chill 1 

102.0 


16 

578 

9.25 

2.70 

4.5 

Modcralc flush j 

103.7 


TABLE IV 

Subdivisions of the lung volume 


Ca5C 

Functional 

residual 

air 

Rcfidual air 

Rc5m‘e air 

Coni- 

plcmcr.ial 

air 

Mu! capacity 

Total capocity 


t-rp. 

p-rstaif 


ml. 

■bH 

rd. 

m?. 

p^. 

m/. 


• f. 

1 

1935 


615 

2955 

3570 

4890 

Contrtil 

98.9 


1965 


635 

2800 

.3435 

■5765 

Sfirht chill 

iro.o 


2005 


695 

2935 

3630 

4940 

Mrxltr.ntf; f.u*5i 

102.2 


1960 

■EH 

675 

2935 

3610 

AS^S 

D(f''rvt-<Tr;fr 

IOri,5 

3 

2330 

1895 

435 

1390 

1825 

3720 

CfTtrn! 

Vj.t 






1500 


5i-. rrc chill 

104 0 


2420 

2125 

295 

1490 

1785 

3910 

Sh.ht fl.-h 

10 4/, 

4 

2535 

1545 

990 

} 4365 

5555 

6000 

C.-6'r'l 

‘>0 1 


2.S.S5 

2070 

815 

3600 

4:05 

6775 

5v F-rr :*! 

I f' ^ 6 


27W 

1820 

970 

I 4525 

52^5 

7115 

VV-.,?,- 

lo; 4 

4 

2610 

! 2355 

355 

i 3250 

3'05 

5 ''A 

C, \ 

♦» • 


::o5 

2555 

' 240 

' 3055 

3205 

rerrj 


f. 


2675 


375 

! 3250 

.'625 

5025 


lo'i t 

5 

i 15.55 

i 12. '6 

655 

yy-i 

4215 

5 44t 




i 2340 

1 1755 

555 

3010 

XI* t 

r If T 




1 2150 

; 14^5 

6';5 
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ilC} 

e t','. 

V. 







































































884 


M. D. ALTSCHULE, A. S. FREEDBEnO, AND M. J. McMANl?.^ 


TARLK V 


Blood oxygen and carbon dioxide content 


Case 

Arterial blood 

Venous blood 

Rret.xl 

trrnpcr.itiite 

Rria.'.rki 

Oxygen 

content 

Oxygen 

saturation 

Carbon dioxide 
content 

Oxygen 

content 

Carbon dioxide 
content 


Per cent 

per cent 

Per cent 

per cent 

per cent 


i 

1 

15.23 

100 

44.68 

11.48 

47.39 


Control 





9.92 

46.45 


' lunrly cliill 





5.93 

39.09 


Moderate cliill 


15.43 

94 

40.52 



■Em 

Modcr.ttc cliill 





14.79 

41.78 

10.5.4 

Motlcratc fltisli 


15.29 

99 

41.11 . 



104.5 

I Mo<lcmtc ntidi 





13.59 

42.72 


Dcfcrvcrce.'ice 

2 

18.32 

94 

43.43 

12.72* 


■PH 

Control 


19.80 

100 

41.25 

7.32* 



lutrlv chi!! 


19.07 

98 

40.01 

9.97* 

48.25 


Morier.Tte chill 





16.92 

41.08 

■■■i 

Mcxlcr.ite f1ti,-.h 

3 

19.96 

94 

41.30 

14.64 

42.55 

99.6 

■ Control 





4.89 

46.90 

101.1 

Severe chill 


20.32 

96 

33.50 



10.5.6 

Severe chill 





15.70 

36.32 

' 104.7 

Moderate flush 





16.93 

39.00 

103.7 

Dcfea'escenco 

4 

18.63 

90 

42.95 


49.41 

99.2 

Control 






49.60 

102.5 

Severe chill 


18.25 

88 

35.06 


46.25 

104.8 

Enrly flush 






44,84 

104.1 

Severe flush 

5 

20,14 

93 

46.54 


50.55 

98.6 

Control 


20.00 

93 

40.65 


47.16 

101.6 

Severe chill 


19,20 

89 

40.88 

17.65 

44.43 

105.0 

Moderate flush 

6 

16.54 

94 

56.04 

10.65 

60.95 


Control 





9.88 

55.85 


Mild chill 


15.06 

86 

50.87 

12.14 

54.87 

HmII 

Moderate flush 

7 




13.55 

47.08 

98.3 

Control 





6.34 

49.49 

99.1 

Early severe chill 





9.33 

47.08 

101.4 

Severe chill 





8.94* 

46.30 

101.4 i 

Severe chill 





9.25 

44.30 

103.7 

Severe chill 





15.47 

40.78 

104.1 

Moderate flush 





12.38* 

44.15 

102.1 

Defervescence 


* Femoral venous blood. 


averaged 7 per cent. The volume of the residual 
air was somewhat increased during the febrile re- 
action in 4 of the 5 patients studied. During the 
chill phase the increases ranged between 1 and 45 
per cent of the original values and averaged 23 per 
cent. It was outside the range of error of the 
method in all cases but one. During the fitish 
phase the changes ranged between minus 3 and 
plus 21 per cent, averaging plus 10 per cent. The 
reserve (supplemental) air fell in 4 patients, the 
decreases ranging between 15 and 32 per cent in 
the chill phase and rose 13 per cent in 1 case. The 
average change was minus 13 per cent. In the 
jiush phase no consistent change occurred. The 
complemental air was -also diminished by 5 to 15 


per cent, averaging 10 per cent, in the chill and 
showed no consistent change in the flush phase. 
The decreases in vital capacity were 0 to IS per 
cent,^ averaging 11 per cent, in the chill phase; no 
consistent change occurred in the flush phase. 
The total lung volume showed no significant 
change at any time. 

14. Arterial blood gases. Striking changes in 
arterial blood oxygen concentration did not occur 
in the patients studied ; slight decreases in satura- 
tion were found in 2 who hyperventilated marked- 
ly (Table V). The arterial blood carbon dioxide 
concentration showed a considerable fall during 
the chill with little or no further change in the 
flush phase. 
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15. Venous blood gases. During the chill 
phase a fall in venous blood oxygen content, 
ranging between 0.77 and 9.71 volumes per cent, 
was observed j the amount of fall appeared to 
vary with the severity of the chill reaction (Table 
V). In the flush phase the venous blood oxj-gen 
content rose to levels 1.49 to 4.20 volumes per 
cent above the control values and approached the 
concentrations found in the arterial blood. The 
venous blood carbon dioxide content was variable 
during the chill phase, but fell in the flush phase 
by 3.16 to 7.60 volumes per cent below the control 
values. A return toward normal occurred during 
deje)-vescence. 

16. Arterial pH. Changes in the direction of 
alkalosis occurred in all patients studied (Table 

TABLE VI 


Arterial blood pH 


Case 

pH 

Remarks 

Rectal 

temperature 

4 

7.35 

Control 

"F. 

1 99,3 


7.42 

Chill 

101.3 


7.44 

Flush 

104.7 


7.39 

Dcferv'csccncc 

103.7 

5 

7.33 

Control 

98.6 


7.44 

Chill 

102.2 

7 

7.50 

Control 

99.6 


7.60 

Elarly chill 

100.7 


7.65 

Late chill 

103.0 


TABLE vn 

Measurements of hematocrit and plasma volume 


Ca*c 

llcmalo- 

crit 

Plasma 

volume 

Remarks 

Rrcla! tem- 
IKTaiure 

1 

pf <dU 

45 

2800 

Control 

'F. 

100.0 


45 

2620 

ILarlv chill 

100.5 


45 

2800 

Motier.ne chili 

102.S 


45 

2950 

Motlcmtc flu'h 

103.5 

•1 

42 

3475 

Control 

99.4 


42 

3475 

IVcxlromc 

99.4 


43 

3395 

ILirlv chill 

102.4 


44 

3175 

Mcylcr.rtc chill 

102.9 


43 

3210 

Severe fiu'h 

105.5 


43 

3560 

ncfcra-fcencc 

103.4 

5 

.t.s 

4310 

Crr.TJrol 

1 93.6 


.to.3 

j 4. too 

I’rtvtrou'.c 

i 98.6 


41 

! 4170 

Mrv! crate chi’.! 

) KU.O 


1 

1 4105 

Molrratr f.iuh 

. 105.9 

8 

i 41 

i ;.«io 

! Cr-ntrrl 

■' 9X1 


! 40. .S 

; : 

1 

: Srt'crr t! ;’! 

i 102 ri 


TABLE \nn 
Lymphatic function 



Area s 

tained 

i 

Time 

Streamers 

Remarks 

Rectal 

tern- 


Initial 

Final 

pera- 

lure 

7 

mm. 

5X5 

mm. 

6X6 

1 

! minuUs 
20 

0 

Control 

“F. 

99.4 


6X6 

6X8 

20 

0 

Prodrome 

99.4 


5X5 

7X7 

20 

0 1 

Chill 

100.8 


2X3 

7X6 

3 

-f-h-f-f; 

Flush 1 

1 

102.4 

8 

5X5 

6X6 i 

20 

0 

Control j 

98.7 


5X4 

5X6 

20 

0 

Chill 

102.0 


5X4 

8X7 1 

4 ) 

1 

d-t-b-i- 

Flush 

103.5 


VI). During the chill phase and in the absence 
of rigors, the pH rose 0.07 to 0.15. In the flush 
phase it was still elevated and fell during 
dejcrvcsccnce. 

17. Blood volume. No changes in plasma vol- 
ume or hematocrit occurred during the febrile 
episode (Table VII). 

18. Lymphatic junction. Wheals on the fore- 
arm containing the blue dye increased in size by 
75 to 100 per cent slowly during a 20-minute 
period during the control period (Table VIII). 
Wheals made during the chill phase increased by 
the same amount or a little less. During the flush 
phase, however, a great increase in the size of the 
wheal occurred within 3 to 5 minutes; streamers 
radiating out from the wheal also became visible. 

DISCUSSION 

The clinical features of the various phases of a 
febrile reaction have long been recognized in a 
variety of infectious processes. Patients in whom 
a foreign protein has been injected pass through 
the entire course of the febrile reaction within a 
period of hours, so tb.at comparative studies during 
the various phases may be made readily and witli 
a minimum ot variation cou'cqucnt to uncon- 
trolicd extraneous factors. Titc cndogcncjus fe- 
brile reaction sttniicd ttr.'ler the^c circuuv t.'mre;, 
gives rise to a .‘■erics rf clinical .nn-J iol' gi.u;! 
ch.'inges which cccx:t in regular sruucr. 'r r.r. ! fall 
into uniform ir.tterm. 
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diovascular and respiratory dynamics do not occur. 
It is terminated by the onset of marked general- 
ized vasoconstriction which is evident in the skin 
and assumed elsewhere because of the observed 
changes in arterial blood pressure. The narrow- 
ing or disappearance of cutaneous capillaries and 
the sluggish cutaneous flow observed here, and 
previously by others, was ascribed to marked 
arteriolar constriction (11, 12, 13). The con- 
clusion that capillary blood pressure is unchanged 
during the chill phase of malaria (14) cannot he 
accepted because of the fact that the indirect 
method used is inaccurate. The elevation of ar- 
terial blood pressure which occurred in some of 
the experiments of the present study, as well as 
in those of other authors (14 to 17), indicates that 
arteriolar narrowing is widespread. More marked 
and persistent increases in arterial blood pressure 
would probably ' develop if it were not for the 
occurrence of changes in cardiac output which tend 
to lower arterial pressure. Not only are capillar- 
ies and arterial vessels constricted, but the visible 
veins also become markedly narrowed. It appears, 
therefore, that the vasoconstriction is a widespread 
phenomenon involving all vascular elements. On 
the other hand, some areas within the body prob- 
ably do not participate in the fairly generalized 
vasoconstriction and indeed may be the seat of 
vasodilatation, for the circulating blood volume 
shows no change as measured here and as pre- 
viously described (18). Studies on visceral cir- 
culation in an endogenous febrile reaction are 
scanty. A decrease in the size of the kidneys has 
been described (19) in animals in which a febrile 
reaction was induced, so that these organs are 
probably the site of vasoconstriction. Other au- 
thors have found a decrease in cerebral (20) and 
in renal (16) flow in the c/nll phase of induced 
febrile reactions. On the other hand, the findings 
of the present study which show an increase in 
the residual air volume and in the ratio of residual 
air volume to total pulmonary capacity in the chill 
phase suggest that some degree of pulmonary con- 
gestion may occur. 

During the chill phase the cardiac output fell in 
some experiments and in the rest failed to rise in 
proportion to the increase in metabolic rate which 
occurred as the body temperature rose. This 
phenomenon was paralleled by increases in arterio- 
venous oxygen difference and by decreased oxygen 


confent of venous i)lood taken from tlic ante- 
cubital or femoral veins. None of the findings 
suggested direct depression of cardiac function as 
the cause of the observed absolute or relative de- 
crease in minute volume output, i.c., brarlyrardia 
did not occur and the venous pres.sure did not 
rise. The tachycardia likewise did nf)t reach 
levels which might cause lowering of the carrliac 
output. It is probable that the ehangc.s in cardiac 
output which occurred in the chill jihase in the 
patients studied were the rcsuUanl of 2 opposing 
forces: (?) a tendency to increase parallel with 
the rising metabolic rate associated with fever; 
and (2) a tendency to decrease as a consequence 
of impairment of venous return due to intense 
vasoconstriction. In regard to the latter, it is of 
interest that the venous pressure tended to fall 
somewhat during the chill phase. One worker 
(14) had found no change in venous pressure 
during the chill phase of a malarial paroxysm. 
The arm-to-tongue circulation time was slowed 
early in the chill phase in cvety- patient. Late in 
this phase, the circulation time in some patients 
became somewhat accelerated, while in others it 
remained slow. The initial slowing was probably 
consequent largely or entirely to slow flow second- 
ary to cutaneous vasoconstriction, for cooling the 
skin has been shown to slow the arm-to-tongue 
time (21). During the early part of the chill phase 
changes in cardiac output are probably minimal 
or absent. Later in this period, however, the 
cardiac output may fall and when it does so, the 
circulation time becomes more prolonged. It is 
not possible to state how much of the prolonga- 
tion in such instances is the effect of cutaneous 
vasoconstriction in the arm per sc and how much 
is the consequence of diminished cardiac output. 

Changes in respiration during the chill phase 
consist in increased respiratory minute volumes 
greatly in excess of increases in oxygen consump- 
tion due to the fever. There were also exagger- 
ated increases in respiratory rate which resulted 
in slight or moderate decreases in tidal air volume. 
Several mechanisms may be responsible for the 
excessive hyperventilation of the chill phase. The 
above-described cutaneous vasoconstriction limits 
heat dispersal via the skin (22, 23), so that the 
effects of increased heat production are exagger- 
ated and the body temperature rises rapidly. In- 
creased temperatures within tlie brain give rise 
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to hyperventilation (24 to 27), presumably in an 
attempt to lower body temperature. Another 
factor which may increase respiratory minute 
volume out of proportion to metabolic require- 
ments is the stasis which occurs when the cardiac 
output falls or at least fails to rise' in proportion 
to oxygen consumption. Some degree of tissue 
anoxia is present in all such instances and in some 
experiments a rise in venous blood carbon dioxide 
also occurred. A third -mechanism favoring ex- 
cessive hyperventilation might be reflexes acti- 
vated by pulmonary congestion. The importance 
of each of these causative factors cannot be evalu- 
ited. The respiratory changes which occurred 
m the chill phase resulted in a lowering of alveolar 
air carbon dioxide content and blowing off of ap- 
preciable amounts of carbon dioxide from the 
blood. The arterial blood carbon dioxide was 
significantly lowered, while the changes in the 
venous blood were the resultant of 2 opposing 
factors: (J) lowering of blood carbon dioxide 
consequent to hyperventilation; and (2) elevation 
of blood carbon dioxide consequent to stasis. 
Studies of respiratory quotient showed a tendency 
toward the giving off of larger amounts of carbon 
dioxide than in the basal state, but this was not 
definitely consequent solely to hypcrs’cntilation, 
since increased metabolism of carbohydrate also 
occurs. The loss of carbon dioxide from the 
blood gave rise to a tendency toward alkalosis; 
that alkalosis was not more marked is probably a 
consequence of the elevation of blood lactate and 
pyruvate levels which occurs in fever (28). 

The marked generalized vasodilatation which 
characterized the flush phase presumably involved 
all vascular elements. Microscopy revealed the 
capillaries of the skin to be markedly increased in 
number and size and direct inspection showed the 
supcrfieial veins to be dilated. Arteriolar dilata- 
tion probably also was present, for some fall in 
arterial blood pressure and the appearance of 
capillary dilatation occurred regularly. In addi- 
tion, arteriovenous shunts probably bccantc patent, 
for venous Mood became artcrializc^l, often mark- 
edly so. The sliglit rise in venous pressure wliich 
was noted might also liave been consequent to 
openittg of aricriovetiotis ch.annels. N‘cvcnh.cic-s. 
vasailar eon.stric'ion mu't h.avc occ.irrcd somc- 
wlit-re in th.e bixly, for the circu’.-.ting Mo-.v] vol- 
ume was unri'.aJJgnl. Incrc.i'cs in, cardiac outru; 


in the flush phase were out of proportion to the 
metabolic needs, and the arm-to-tongue time was 
greatly accelerated. The renal flow may also in- 
crease in the flush phase (16, 19, 30). These 
phenomena may have been consequent, at least 
in part, to increased venous return secondaty- to 
opening of the arteriovenous shunts. Another 
factor making for this increase in cardiac output 
is elevated cerebral temperature (25)'. The ab- 
sence of stasis in the flush phase and the restora- 
tion of I of the mechanisms for heat dispersal 
lost in the chill phase, f.c., increased circulation 
through the skin, removes 2 factors which exag- 
gerate the hyperventilation of the chill phase. 
Diminished pulmonary congestion has the same 
effect. Accordingly, the respiratory minute vol- 
ume is lowered relative to oxygen consumption 
and returns to or toward a normal relation with 
metabolic rate. Loss of carbon dioxide from the 
arterial blood and alkalosis, therefore, do not 
progress. 

A state which had the clinical characteristics 
of shock developed in patients in whom the sever- 
est chill reactions occurred. The patients were 
pale, cold, sweaty, anxious, and dyspncic; they 
showed tachycardia and a falling arterial blood 
pressure. Physiological studies made at this 
time revealed very low cardiac output, marked 
deoxygenation of venous blood, and a fall in 
venous pressure. This state differed from that 
seen in other types of shock in that blood volume, 
oxygen consumption, and rectal temperature did 
not fall; the syndrome was, in addition, self- 
limited. The clinical manifestations of shock 
were in some experiments temporarily exaggerated 
at the onset of the flush phase when rasodilatation 
rapidly developed. 


The ob3cr\-ations on lymphatic function made 
here arc difficult to interpret. It appe.ars that 
lymphatic flow is incrc.ased in the flusii phase of 
the febrile reaction, but the mechanisms re^pon- 
-mMc for this ch.angc arc diffscuh to evaluate. 
Vasodilatation and elevated capiliare- pre'”.:re lend 
to increase filtration from she b!(^y!. The former 
obviously c-ccurs and t;:e l-;t:c-r mav a’ o, A ri^" 
in capillary prc-^-urc when th- 'kin i^ hntc] 
l***^lly has I'cen ilen:- n-trr.tcd fal i W*-'*'’'-- 


n ri.'c cnt2 

V. ]:cn 
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The factors which initiate the febrile reaction 
and determine its phases are not clearly under- 
stood. The cause of the increased heat produc- 
tion which occurs in a febrile reaction is probably 
related in some way to hypothalamic function, for 
damage to that area prevents it (32). Similarly, 
the vasomotor manifestations of the febrile re- 
action appear to be initiated by the hypothalamus. 
The onset of flushing and sweating occurs at a 
higher level in patients undergoing a febrile re- 
action than in subjects exposed to warm environ- 
mental temperatures and, accordingly, it appears 
that thermostatic control of the peripheral vascu- 
lar and sweating mechanisms is reset at a higher 
than normal level in endogenous fever. 

SUMMARY AND CONCLUSIONS 

1. Changes in circulation and respiration have 
been studied in S patients following the injection 
intravenously of typhoid vaccine. 

2. The febrile reaction consisted of 4 phases: 
(a) prodrome, (b) chill, (c) flush, (d) dejerves- 
cense. Each had distinctive clinical features and, 
except for the prodrome, each was characterized 
by a definite series of physiological phenomena. 

3. The chill phase was characterized by intense 
vasoconstriction, decreased cardiac output, slowed 
circulation time, hyperventilation, alkalosis, and 
oliguria. There was an initial hypertension fol- 
lowed by hypotension and, in some experiments, 
the development of shock. 

4. The fltish phase was characterized by marked 
vasodilatation, drenching sweats, increased cardiac 
output, accelerated circulation time, a lesser de- 
gree of hyperventilation, maintained alkalosis, 
diuresis, and in many experiments a sudden fall 
in blood pressure at tlie onset of the phase. 

5. Defervescence was characterized by a return 
of all mechanisms toward normal. 

6. Lymphatic function was apparently increased 
in the flush phase. 

7. No change in circulating plasma volume oc- 
curred during any phase of the febrile reaction, 
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A method of measuring hepatic blood flow is 
required in the quantitative analysis of hepatic 
function. Without this measurement, changes in 
hepatic function due to hemod}mamic factors 
cannot be differentiated from those due to altered 
cellular activity, and metabolic exchanges cannot 
be accurately evaluated. Although various direct 
methods (1 to 7) have been devised and used in 
animals, the surgical manipulation necessarj^ ren- 
ders all such methods inapplicable to man. This 
paper describes a method based on the “Fick prin- 
ciple” by which hepatic blood flow has been esti- 
mated in man without trauma or anesthesia. 

The “Fick principle” may be applied to any 
organ provided 3 facts are known: (1) the con- 
centration of some substance, X, in the blood 
entering the organ, (2) the concentration of X in 
the mixed venous blood leaving the organ, and 
(3) the total amount of X removed from the 
blood by the organ each minute. Given these 
data, the blood flow through the organ per minute 
may be calculated by dividing the total removal 
rate of X by the amount of X removed from each 
milliliter of blood as it traverses the organ. In 
theory, this principle may be applied to the meas- 
urement of the blood flow through the human liver. 

In practice, the concentration of X in the blood 
entering the liver cannot be determined unless X 
is a substance which may be assumed to exist in 
equal concentration in the afferent hepatic blood 
and in the peripheral venous or arterial blood. 
The concentration of X in the blood draining 
from tlie liver can be determined in hepatic 
venous blood obtained by an application of the 
venous catheterization technique (8). Since rapid 
and quantitative collection of bile is not feasible, 
the removal rate of X by the liver cannot be meas- 
ured directly. An indirect method, however, is 
available if X can be given at such a rate that its 
blood level remains constant. Under these condi- 
tions, the infusion rate equals the hepatic removal 
rate, provided the extraction of X depends en- 


tirely upon hepatic activity. Bromsulphalcin 
(BSP) was used as the test substance, X, because 
it appeared to satisfy the above conditions. 

KX PF-RI MI-:XT.-\L rROCE DURK 

After tlic subject ’ .assumed tlic supine position on the 
fluoroscopic t.ablc, a catheter,- throutrli which an isotonic 
saline infusion flowed, was inserted into the median basilic 
vein (8). Under fluoroscopic control, the catheter was 
passed into the superior vena cava and thence into the 
right atrium. The valve of the inferior vena cava could 
usually be avoided by directing the catheter tip to tlic right 
and posteriorly during its passage through the atrio-caval 
orifice. Once beyond this valve the tip was brought to 
bear more laterally and directed into the veins draining 
the right hepatic lobe. Catheterization of the left hepatic 
veins was somewhat more difficult. For the purposes of 
the present study, a right hepatic vein was cathctcrizcd 
on every occasion and the tip placed appro.ximatcly in the 
center of the lobe. The catheter was kept in place for as 
long as 3 hours without untoward symptoms. 

An intravenous infusion of isotonic saline containing 
BSP was next started in one of the lateral veins of the 
arm used for catheterization. A sample of the infusion 
was always taken for analysis. The rate of inflow, under 
the force of gravity, was controlled by a tunnel clamp 
(made by the Harvard Instrument Company) at 4 ml. 
per minute, measured with a calibrated Murphy drip (15 
drops per ml.). By this device the inflow rate could be 
maintained remarkably constant, although it varied occa- 
sionally as much as 0.06 ml. per minute. The BSP con- 
centration of the infusion was usually adjusted so that 
approximately 3.0 mgm. were delivered per minute per 


iThe 23 subjects examined in this study were drawn 
for the most part from a youthful group under penicillin 
therapy for primary or secondary syphilis. Except for 
syphilis, they appeared to be in good health and, as far 
as could be judged clinically, had no evidence of hepatic 
disease. All had had sufficient therapy to induce healing 
of lesions involving the skin or mucous membranes. The 
subjects were examined in the resting state and were 
either fasting or at least 3 hours post-prandial. 

2 The catheters used in this study were designed and 
manufactured for use in this and other studies by the 
United States Catheter and Instrument Corporation, Glenn 
Falls, New York. They are 100 cm. in length and termi- 
nate in a slightly-curved whistle tip (“Cournand Tin’') 
with 1 “eye.” 


son 
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TABLE t 

Estimated hepatic blood flew in man 


(All data in this table were obtained under standard conditions in resting subjects at least 3 hours_ post-prandial. 
Only studies in which the serum level of bromsulphalein was constant or changing no more than 0.0005 mgm. per ml. 
per minute are presented.) 







Peripheral 


Total 

Hepatic 

Hepatic 



Sex 

Age 



Extraction 

rcmos-al 

bubject ] 

area 

concentra- 

BSP 

rate 

blood flow 

blood flow 





tion BSP 


BSP 






years 

jf.> 

tngm. 
i^er c^rJ 

per cent 

ngm. prr 
minuie 

nl. per 
rr.inu!e 

r:/. per 
rxir.ute Per 

1 

C. M. 

M 

57 

1.50 

1.13 

83.4 

7.30 

1350 

mmM 

2 

D. C. 

M 

30 

1.50 

0.75 

75.5 

4.90 

1340 


3 

J. B. 

S. G. 

M 

22 

1.98 

0.51 

90.1 

5.28 

2110 

1845 

4 

M 

29 

1.93 

1.21 

34.4 

5.00 

1905 


5 

M. B. 

M 

21 

1.68 

0.77 

72.0 

5.00 

1555 

1600 

6 

V. C. 

M 

23 

1.94 

0.80 

70.8 

6.00 

2055 


7 

J.F. 

C. H. 

M 

23 

1.77 

1.67 

43.7 

5.72 

1185 

1160 

8 

M 

29 

1.74 

1.08 

47.0 

4.80 

1640 

1630 

9 

P.W. 

F 

36 

1.49 

0.90 

S7.S 

3.88 

1190 

1385 

10 

S. J. 

M 

28 

1.60 

1.21 

48.3 

4.27 

1175 

1270 

11 

W.T. 


39 

1.85 

0.85 

64.0 

4.S0 

1650 

1540 

12 

R. P. 


20 

1.90 

0.87 

70.0 

5.12 

1535 


13 

L. K. 

! M 

30 

2.06 

0.94 

73.4 

5.72 

1920 

1350 

14 

D. D. 


56 

1.60 

0.90 

43.4 

3.36 

1455 

1575 

IS 

M. T. 


36 

1.55 

0.50 

88.0 

4.20 

1500 

1675 

16 

L. C. 

M 

22 

1.78 

0.65 

84.0 

5.25 

1635 

1590 

17 

A. A. 

M 

36 

1.91 

1.29 

73.0 

5.86 

1200 

1085 

18 

J. M. 


25 

1.99 

• 

• 

m 

1460 

1270 

19 

A. D. 

M 

20 

1.85 

1.21 

64.8 

5.98 

1360 

1270 

20 

L.W. 

F 

20 

1.62 

0.97 

60.2 

5.44 

1485 

1575 

21 

M.S. 

F 

40 

1.61 

0.69 

84.4 

4.17 

1296 

1390 

22 

N. 0. 

F 

35 

1.60 

• 

• 

* 

1523 

1649 

23 

V.B, 

F 

19 

1.53 

• 

• 

• 

1191 

1347 

Average 
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* In these studies hepatic blood was obtained at various sampling sites. The figures for EHBF arc .averages of 
3 or more values. Sec Table II for details. 


square meter of body surface. Faster rates of delivery 
often resulted in a rising BSP scrum level. A priming 
dose of BSP (ISO mgm.) was given to 15 subjects (J. F. 
to M. S., Table I) to raise the scrum level quickly to 
about 1 mgm. per cent and to shorten the time of 
equilibration. 

Samples of blood were obtained, as a rule, at 10-minutc 
intervals over a period of an hour or more. After the salt 
solution in the venous catheter was washed out by with- 
drawing several ml. of blood, 8 to 15 additional ml. were 
collected in a clc.an, dry, sterile sjTingc. Simultaneously, 
a sample of blood was withdrawn from the vein or artery 
of the opposite arm. 

The BSP concentration in the sentm was determined 
colorimctrically. One or 2 ml. of serum was pipetted into 
an EvcIjti colorimeter tnl>c and tb.e vob,:mc made up to 10 
ml. with isotonic soelium cidoriJe rclution. If the cen- 
cenlmtion of BSP in the serum was e^timatetl at less 
than 1.5 mem. per 100 m.l., 2 m.l. ci serum was u-ed: if 
more tlum 1,5 mem. per cent. 1 ml, suiTiresl. With, ern- 
centrations over 4 mcen. per Ip") tr.h, 1 m'., terum ssas 
made v.p to 20 ml. in s'rder t.o C'' tain r,.e.l rrad';",'« The 
slilutel serum v. as analyrrd in tl-.e r:-.--:rr>-ur.it cf an 
Evelsm S'hot.»:lect:ic ro' rimeter a tdtrr. After 
a ‘'crntril •ettine” was cd tainri, 2 d:c;n of c.“nrer-t:atrd 


NaOH were added, the mi-Tturc well agitated, and a 
reading taken within 1 minute of adding the alkali. The 
BSP concentration was obtained from the galvanometer 
reading by using a calibration curve, and by correction for 
the dilution. All determin-ntions were made in duplicate.* 

* A complete evaluation of the m.ethed is to apprear else- 
where. but the following points arc of imprjrtanrc ; 

(I) For calibration, weighed samples of p-.ire brom- 
sulphonpbthalcin powder (H. V.’. and D.), d!s«ntvrd in 
0.85 per cent sodium cJiloride fot-js-het. were diluted to 
concentrations ranging fjetween 0*^5 and 08 mnm p.-r 
100 m.l. Ga.lvanom.eter readings were rr,.jd' as d''err''tl 
alvavc, and the results plotted on •em:-I •nariti-.m'e pu;or 
acaimt tlte Imr.vn crneer.t.'a'i'e'.s. A :tram:'.i I ne f'^l?,- 
tiomh.ip was e’ taine-l up t.o a c'-.r-rtrati n >; 4 n nm, 

2 00 jtil * V ‘ •*! j*. 
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Calculation of hepatic blood floxv 

Figure 1 sets forth diagrammntically the procedure 
followed in estimating hepatic blood flow. Peripheral and 
hepatic scrum concentrations of BSP were plottcii on 
semi-logarithmic paper against time. Straight lines were 
drawn between these points (P— peripheral venous con- 
centration of BSP and H — hepatic venous concentration, 
Figure 1). Values of P and H used in the calculation of 
hepatic blood flow were then obtained by interpolation 
from the curves at a time midway between measured 
values of P (cross-marks connected by interrupted line 
on P and H curves, Figure 1). With constant peripheral 
plasma levels (Figure 1), the total BSP removal rate, 
R, was taken as equal to the rate of infusion in mgm. per 
minute. Then taking EHBF as the estimated hepatic 
blood flow, P as the concentration of BSP in mgm. per 
100 ml. in the afferent hepatic blood, and H as the con- 
centration in the efferent hepatic blood: 

EHBF = m X T i~T % 

0.01 (P — H) 1 — hematocrit 

Hepatic blood flow may also be estimated if the levels 
of BSP in the peripheral blood are changing, but this 

hemolyzed or turbid were discarded. In other samples, 
the effect of alkali on the serum presumably introduced 
a small error which lowered the BSP readings below 
their actual value. 

Known quantities of BSP, when added to pale, clear 
sera, were recovered with less than a S per cent error. 
In more turbid or pigmented sera, recovery of strong 
BSP solutions was similarly satisfactory; but from weaker 
solutions (i.e., 0.2 to 1.0 mgm. BSP per 100 ml.) re- 
covery was only 85 to 95 per cent. In the range of BSP 
concentration used in the study of hepatic blood flow, the 
absolute error was never more than 0.1 mgm, per 100 ml. 
Since this error probably affected hepatic and peripheral 
venous blood similarly, the calculations of estimated he- 
patic blood flow were not significantly influenced. 

(3) Samples of serum containing BSP in its colorless 
state could be kept in the ice box for 4 days without 
apparent loss of dye. Once alkali had been added, how- 
ever, whether to diluted or undiluted serum, the color thus 
developed diminished in intensity very slowly. 

(4) BSP was not contained in washed red cells. Serum 
proved easier to use than plasma. Although BSP in 
saline solutions dialyzed freely across a cellophane mem- 
brane, no dialysis occurred if BSP was dissolved in 
serum. BSP in serum thus appeared to be completely 
bound by protein. According to salting-out experiments, 
this linkage seemed to be preponderantly with the albumin 
fraction. No method of precipitating proteins (by ace- 
tone, salting-out, etc.) that does not decrease the quan- 
tity of recoverable BSP has been found, 

(5) If the concentration of BSP in the undiluted serum 
was over 0.5 mgm. per 100 ml., duplicate readings checked 
within 5 per cent. With serum concentrations over 1.0 
mgm. per 100 ml., duplicate readings checked within 3 
per cent and usually yielded identical results. 


estimate requires the measurement of j)!asm.'i volume. 
When scrum levels arc rising, it is obvious th.at less dye 
is removed than is administered. Hence, the removal rate 
is equal to the rate of administration less the rate of re- 
tention. Taking 1 as the rate of infusion of B.SP in mgm. 
per minute, R ns the total rctnoval rate of BSP in mgm, 
per minute, V as the total plasma vohime in ml., and ‘^P 
as the rate of change in the concentration of the dye in 
the peripheral scrum in mgm. per ml. per minute, 

R = I-(APX V) 

when the blood level is rising (I'igurc 1). When the 
peripheral level is falling (l-'igurc 1): 

K = 1 -f- (AP X PV) 

The change in the peripheral .scrum level (mgtn. per ml.) 
during the minute immediately preceding the midpoint 
was taken as AP. Thus the difference between the con- 
centrations per ml. at the two cross-marks on curve P 
(Figure 1) is equal to Ap, Plasma volume (V) was 
estimated from the tables of two other investigators (9). 
This procedure may introduce a sm.all error that depends 
upon tlie deviation of the subject from the average. 

In this report, hepatic blood flow was calculated only 
from data obtained when tltc level of BSP in the pcripiicra! 
blood was constant or changing less than 0.0005 mgm, per 
ml. per minute. Two studies have been excluded from 
the results because hemolysis and very low plasma levels 
of BSP caused analytical difficulties. 

Validity of the method 

The validity of the method hinges upon 4 basic 
assumptions; viz., (J) bromsulphalein is removed 
from the blood exclusively by the liver, (2) the 
concentration of the dye in the peripheral venous 
blood corresponds to the concentration in the 
blood entering the liver, (3) the BSP level in a 
sample of blood taken from a right hepatic vein 
is representative of the level in total pooled hepat- 
ic venous output, and (4) the basal hepatic blood 
flow is not altered by BSP in the blood nor by 
the catheter in the liver. 

Although its seems generally agreed that brom- 
sulphalein is removed from the blood chiefly by 
the liver, the location of intrahepatic and .ex- 
trahepatic uptake sites remains disputed. Certain 
investigators favor the view that BSP is taken up 
by the reticulo-endothelial system both within 
and without the liver because removal of the dye 
is retarded when cells of this system are blocked 
by India Ink or removed by splenectomy (10, 11), 
The method of determining hepatic removal rate 
used in this study is not materially affected, how- 
ever, whetlier BSP is removed entirely by the 
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CALCULATION OF ESTIMATED HEPATIC BLOOD FLOW' 



f} - BSP PEMQ</AL RATE UGU.y MIN. 

P— CONCENTRATION BSP IN PERIPHERAL SCRUM MCM./ 100 CC 
H— CONCENTRATION BSP IN HEPATIC SCRUM MCM, /' lOOCC 
I—JNFUSiON BSP MGM./MIN. 

V~ PLASMA VOLUME CC - . 

£p — CHANCE IN PERIPHERAL CONCENTRATION BSP MCM. y CC MlH, 

Fig. 1 

Serum concentrations (mgm. per 100 ml.) ol BSP in pcriplicral venous blood (P) 
and in hepatic venous blood (H) are plotted on semi-logarithmic paper against time. 
Concentrations used in the calculation of EHBF arc obtained by interpolation at th.c 
midpoint between measured concentrations on P (right-hand cross-mark of each pair 
on P), and at the same time on H (cross-mark on H). The difference between these 
2 values (P-H) multiplied by 0.01 yields the amount of BSP removed from each ml. 
of scrum as it passes through the liver. Each AP was Liken as the difference l>ctwcen 
BSP concentrations per ml. of scrum at the midpoint and 1 minute prior to tb.e mid- 
point on P (cross-marks on P). 

liver or partially by rcticulo-ciidotliclial cells else- 
where in the body. 

The c.xtrabcpatic portions of the rcticiilo-cndo- 
thclial system by which BSP could be withdrawn 
from the blocnl lie principally iti the portal ciraila- 
tion and in the bone marrow. Since the blood 
tlminin^ frotn th.c portal vein, c.vccpt for a .'mall 
volume lo-i tltrottgh ccdlatcml ch.anncl<, is crnr tie'l 
isito the iiiicrior vcr.a cava by w.ay cf the h.cT'atic 
vcin.s, th.c portal circtn; is. in cfTcct. an exten'-'-m 
oi tlw hcp.-.tic va'CtL.ar K-l. Hence, rem.ov.'.! 
th.c dye by th.c spleen or pa -trt 'intestinal tract is 
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good reason to believe that this possibility is un- 
likely. In the first place, the volume of blood 
flowing to the bone marrow probably is small and 
the amount of BSP available for removal by this 
route, therefore, should be minimal. Further- 
more, as long as the serum concentration of BSP 
remains unchanged, the reticulo-cndothelial cells 
of the bone marrow presumably become saturated 
with respect to that concentration and remove no 
further dye. 

Removal by the kidney is very small in normal 
subjects, amounting to no more than 12 mgm. per 
hour when the blood level is maintained at 1 mgm. 
per 100 ml., but losses by this route may be large 
if proteinuria is present (12). The d 3 'e is com- 
pletely bound to the plasma proteins and docs not 
dialyze from plasma through cellophane mem- 
branes. It is unlikely, therefore, that significant 
amounts of the dye are lost from the blood stream 
by diffusion into extravascular water. IMoreover, 
it has not been found in ascitic fluid even when 
present in the blood in high concentration (12). 
A small amount of BSP may be destroyed in the 
body, but this activity is probably negligible. 

Finally, no evidence of significant removal of 
the dye elsewhere in the body has been obtained 
in these studies. Concentration of BSP in blood 

(d) the rate of infusion is 6 mgm. per minute; and (c) 
the hematocrit is SO per cent. Then: 

EHBF = QQ^*^ o g ^ ^ “ hSOO ml. per minute 

(2) Assume, on the other hand, that splenic activity 
accounts for 1.2 mgm. per minute of the total removal 
rate, and that 300 ml. of blood (ISO ml. serum) passes 
through the spleen per minute. If the splenic venous re- 
turn drained directly into the peripheral venous system, 
the calculations would yield a falsely high hepatic blood 
flow, for the total removal rate would remain at 6 mgm. 
per minute, while the peripheral-hepatic venous concen- 
tration difference, deprived of its splenic component, would 
be reduced. The spleen, however, drains through the 
liver. Hence under the conditions assumed above, 1,500 
ml. of blood reaching the liver per minute through the 
portal vein would contain 600 ml. of serum with a BSP 
concentration of 1.4 mgm. per 100 ml. and ISO ml. serum 
coming from the spleen containing 0.6 mgm. BSP per 
100 ml. The P-H difference due solely to hepatic activity 
would then equal 0.64 mgm. per cent and : 

^ o:6M~6m 

the same figure derived under assumption (I). 



Fjc. 2. Iu.u.sra.ATivF. Studv ok Estimated Hekatic 
Bi-ood Fi.ow i.v Man* 

Subject J. F., a 23-ycar-old, white male, had completed 
a course of penicillin therapy for primary syphilis. Con- 
centrations of bromsulphalcin in the peripheral venous 
serum (P) following intravenous administration of the 
dye at the arrow are plotted as closed circles. The con- 
centrations of BSP in hepatic venous serum (H) arc 
plotted as open circles. The estimated hepatic blood flows 
(EHBF) arc plotted as open triangles. EHBF docs not 
change greatly over a period of more than I hour. 

taken simultaneously from an antecubital vein, 
the brachial artery and the inferior vena cava has 
been found to differ by no more than 5 per cent. 

In summary, then, it appears that the amount 
of bromsulphalcin lost by destruction, by diffu- 
sion, by extraction in, the bone marrow, and by 
way of the urine is not large enough to invalidate 
the first assumption ; i.e., the removal of BSP can 
be considered equal to the infusion rate when the 
level of dye in the peripheral blood remains 
constant. 

Since the concentration of BSP in peripheral 
arterial and venous blood exhibits no significant 
difference, blood taken from an antecubital vein 
should contain the same proportion of dye as 
arterial blood entering the portal system and the 
liver. Although portal organs other than the liver 
may remove BSP, it has been shown that the in- 
clusion of' portal blood in hepatic venous outflow 
cancels any error introduced in this manner. For 
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these reasons, the concentration of BSP in a pe- 
ripheral vein has been considered equivalent to the 
dye content of blood entering the liver. 

Mixed hepatic venous blood cannot be obtained 
in man because the hepatic veins empty separately 
into the inferior vena cava. However, blood 
draining from a large portion of the liver may be 
sampled. In this study, blood has been taken 
from one of the right hepatic veins. Obviously, 
data obtained from such localized sampling is not 
satisfactory for calculating the true blood flow 
of the whole liver. The results presented in 
Table I, therefore, have been designated “esti- 
mated hepatic blood flow” (EHBF). 

To what extent EHBF may deviate from true 
blood flow cannot be ascertained without a means- 
of sampling total pooled hepatic venous blood. 
The magnitude of deviation may be judged, how- 
ever, by comparing BSP extraction at different 


locations in the same liver.^ Table II sets forth 
the data obtained in 3 such studies. The obsen'ed 
•v'ariation in BSP extraction may be explained in 
part by reflux of blood from the ’inferior vena 
cava since extraction appeared to decrease in sev- 
eral instances as the caval orifice was approached. 
This source of error may be avoided b}’ placing 
the catheter tip several centimeters beyond the 
orifice and by witlidrawing blood only when the 
subject is breathing quietly. A more fundamental 
cause of the unequal BSP extractions may be the 
fact that different areas in the liver contain vary'- 
ing proportions of capsular, portal, and other 
non-extracting tissue. 

^ Extraction of BSP by the liver may be expressed as 
the percentage of dye removed from each ml. of blood as 
it passes through the liver; uc., the diftercnce between 
BSP serum concentrations in the peripheral and hepatic 
venous blood divided by the scrum concentration in the 
peripheral blood. 


TABLE It 

Brotnsulplialein extraction and EHBF at various hepatic sampling sites. The symbols mark the position of Ike 

catheter tip in the liver during sampling 
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For any individual liver, the figure for true 
blood flow probably falls somewhere within the 
range of EHBF calculated at different sampling 
sites, and the range thus permits an estimate of 
the experimental error. In 3 subjects, this range 
was 442, 481, and 673 ml. per minute respectively 
(Table II). In other studies in which the position 
of the catheter was less rigidly controlled, the 
range of blood flow in any 1 subject never ex- 
ceeded 800 ml. per minute. Hence, any observed 
EHBF may be said to approach true blood flow 
within the limits of this range. It is of interest 
that the range of EHBF as recorded in a group of 
individuals (Table I) also falls within 800 ml. per 
minute. 

Certain dyes may affect hepatic blood flow (13). 
The effect of BSP in this respect has not been 
determined, but no relationship was noted in this 
study between EHBF and the serum concentra- 
tion, total dose, or the rate of infusion of BSP. 
However, the possibility of an immediate maximal 
response of the hepatic vasculature to minimal 
amounts of BSP cannot be eliminated. 

Passage of the catheter through the peripheral 
veins often induced a venous spasm which usually 
was fleeting, but at times was strong enough to 
impede catheterization. A similar reaction ap- 
parently occurred in the liver in some instances 
when the catheter was placed in the smaller rad- 
icles of the hepatic vein. On these occasions, the 
subject complained of epigastric pain which was 
immediately relieved by withdrawal of the cath- 
eter. A definite sense of resistance, possibly due 
to spasm of the vein, was noted by the operator 
during the withdrawal. As a rule, however, the 
catheter was passed without difficulty into many 
hepatic venous radicles and deep into the sub- 
stance of the liver without evidence of spasm. 
Since hepatic venospasm occurred infrequently 
and was always transient, it is unlikely that the 
figures presented in Table I were affected in any 
way by such a reaction. 

COMMENT 

Study of the circulation of blood through the 
lobular sinusoids by means of the quartz rod 
illumination technique revealed an intermittent 
and irregular rhythmicity of the intrahepatic blood 
flow of anesthetized animals (14). If such an 
irregular intermittency of hepatic blood flow were 


characteristic of relatively large sections of tiic 
human liver, BSP extraction might be expected to 
fluctuate widely from nuBUent to moment. It 
was demonstrated repeatedly, however, that the 
percentage of BSP extracted from the hloorl ob- 
tained at a single .'^amjding .site in tlie liver re- 
maijicd constant for [)eriods of 1 liotir or more. 
If intermittency occurs in man, it must occur in 
very small vascular units alternating in a purely 
random inatmer. 

The constancy of BSP extraction also indicates 
the absence of shunting activity in the human liver 
under the conditions of this studv. The low ex- 
traction percentage (less than 60 per cent) found 
in 7 subjects may have been caused, it is true, by 
sustained shunts. However, no direct anastomo- 
ses between the portal and hepatic venous circuits 
have been demonstrated anatomically in man 
(15), and it is possible that the low extraction 
percentages in these instances arose from satura- 
tion of hepatic BSP removal mechanisms. 

Since it appeared that 75 per cent of the intra- 
hepatic circulation in animals was inactive at any 
moment, a “reseri’e” permitting 4-fold expansion 
of hepatic circulation and function has been postu- 
lated (14). In accord with this hypothesis, a 
direct method (7) of measuring hepatic blood flow 
in the dog has yielded a range of 40 to 160 ml. per 
100 grams of liver tissue, with an average of 100 
ml. per 100 grams. The average figure for EHBF 
in ideal man (surface area — 1.73 M.") was 1,497 
ml. per minute or (assuming average normal liver 
weight) 100 ml. per 100 grams of tissue, a figure 
in complete agreement with that found in the dog. 
This finding gives weight to the view that average 
EHBF approximates the average true hepatic 
flow. The limited area of variation (1,085 to 
1,845 ml.), however, stands in marked contrast 
to data derived from animal study. It is possible 
that the wide range observed in the dog is attribu- 
table to the trauma and anesthesia necessary in 
most methods used. On the other hand, man 
may not be capable of such a wide variation at 
rest because of the absence of a “reserve” ap- 
parently present in some animals. 

SUMMARY 

1. The hepatic blood flow in man has been 
estimated by the following procedure : 



■ESTIMATIOK OF HEPATIC BLOOD FLOW IN JIAN 


897 


a. By means of a constant intravenous infusion, 
Bromsulphalein was given at such a rate that tlie 
concentration of the dye in tlie peripheral blood 
remained unchanged. Under these conditions, the 
rate of BSP removal by the liver was assumed 
to equal the infusion rate. This assumption appears 
to be valid, even if BSP is removed in the portal 
circulation by reticulo-endothelial cells outside tlie 
liver. Anj^ activity of reticulo-endothelial cells 
in other extrahepatic depots presumably ceases 
when an equilibrium is reached between serum 
and cellular concentrations of the dye. 

b. The concentration of BSP in peripheral 
venous blood was determined at regular intervals. 
This concentration, which was shown to equal 
that in arterial blood, was assumed to be equival- 
ent, for the purpose of estimating hepatic blood 
flow, to the BSP level in blood reaching the liver. 

c. The concentration of BSP in blood leaving 
the liver was determined at intervals which corre- 
sponded as closely as possible with the sampling 
of peripheral blood. Hepatic venous blood was 
obtained from a right hepatic vein by a modifica- 
tion of tlie venous catheterization technique of 
CouTnand(8). 

d. Given the rate at which BSP was remor'ed 
from the blood by the liver, the concentration of 
BSP in blood afferent to the liver, and the concen- 
tration in blood leaving the liver, hepatic blood 
flow was calculated according to the “Pick prin- 
ciple.” Since the BSP concentration was de- 
termined in blood leaving a portion of the liver 
and not in mixed venous blood from tlie whole 
liver, the calculated blood flow was designated 
estivtaied hcf’alic Hood flow (EHBF). 

2. In 23 subjects without gross hepatic disease, 
the EHBF varied from 1.0S5 to 1,845 ml. per 
mimitc per 1.73 M.- of body surface with an aver- 
age of 1,497 ml. No evidence of irregular shunt- 
ing or gross alternation of blood flow in the human 
liver was obtained, for the flow apjxtared to l>c 
quite constant under the conditions of our study. 

\Vc .ii-c to Doris Ituttard. \Vi!m.i Ho-.sc, 

Elirnl'clti N'otiu. r.n(5 Cer.? tar.ee Qva for tedmical 
assist.*, nre. 
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Streptomycin/ an antibiotic agent produced by 
the growth of Actinomyces griscus, has been 
shown to inhibit the growth of gram negative ba- 
cilli both in vitro (1 to 5) and in animals (2, 3, 6 
to 9). Preliminary data on the absorption and 
excretion of this drug were obtained in a patient 
suffering from acute bacterial endocarditis due to 
Pseudomonas aeruginosa, the first human patient 
treated with streptomycin (10). The data indi- 
cated that it was possible to attain levels of the 
drug in the blood in the range of sensitivity of 
gram-negative bacilli of this antibiotic agent and 
justified the performance of more detailed studies 
of absorption and excretion of streptomycin. 

Chronic typhoid carriers were selected as sub- 
jects for this study for several reasons ; they were 
as relatively “normal” individuals as could be 
found in the population of the hospital and, in ad- 
dition, provided an opportunity to study the effect 
of streptomycin on the typhoid carrier state. 

METHOD OF STUDY 

Four male chronic typhoid carriers, under the jurisdic- 
tion of the Department of Health of the City of New 
York, were admitted to the First Medical Division of 
Bellevue Hospital. These individuals were known to have 
had consistently positive cultures of typhoid bacilli in 
their stools without exception for at least 2 years. Fol- 
lowing admission, a medical history was obtained and a 
physical examination was performed. The following con- 
trol measurements in relation to this study were made: 
complete blood count, urinalysis, erythrocyte sedimenta- 
tion rate (Westegren method), blood urea nitrogen (11), 
cephalin flocculation test (12), icteric index, and electro- 
cardiogram. In addition to the tests performed in rela- 
tion to drug absorption and excretion, the following meas- 
urements were made in relation to the typhoid carrier 
state. These included urine and stool cultures on Mac- 
Conkey medium, Bacto S. S. Agar, and Wilson-Blair 
medium. The typhoid bacilli were typed according to the 

^ The streptomycin used in this study was supplied by 
Merck and Co., Inc., and consisted of lots numbered 
4R6040 and 4R6223. 


b.nclcriopli.ngc method of Cmigic .and Yen (1.1). 'rbc urine 
cultures were performed jirior to tlicmpy .md repc.atcd 
twice on succc.s.sivc days. Stool cultures were performed 
prior to therapy and daily thereafter, the last stweimen 
being taken 15 hours after therapy was discontinued. The 
sensitivity of the strains of typlioid bacilli were deter- 
mined by the agar plate methwl. 

An intracutancous .skin test on the flexor .aspect of- the 
right forearm was performed with 0.1 ml. of 1:10 dilu- 
tion of streptomycin. Twenty minutes later tlic tests 
were read and no reactions were noted. 

Prior to the ‘administration of tiie drug the patients were 
instructed to empty their l)laddcrs. A specimen of the 
urine was taken for urinalysis, the remainder being dis- 
carded. Thereafter, for the duration of the study, a 
record was kept of the intake and output of fluids in each 
patient. 

A dose of 75,000 units of streptomycin in 5 ml. of solu- 
tion was then injected intramuscularly. The time periods 
indicated in all the tables of this study denote the time 
elapsed following the first injection. The hour when the 
first injection was made is considered as the zero hour 
in the study. One hour later a blood specimen was taken 
for a determination of the concentration of streptomycin. 
The subjects were instructed to empty their bladders, the 
volume of urine was measured and recorded, and a speci- 
men of the urine was taken for streptomj’cin assay. Simi- 
lar specimens were taken and measurements made at tlie 
end of the second and third hours after the first injection. 
At this latter time, the patients received another 75,000 
units of streptomycin intramuscularly, blood and urine 
specimens being collected before the injections were given. 
Thereafter, during this phase of the study, each patient 
received 75,000 units of streptomycin intramuscularly 
every 3 hours until a total of 600,000 units had been given 
in 8 injections. 

Tile concentration of streptomycin in the blood and 
urine specimens are indicated in Tables I to IV. When 
the time of injection coincided with the time of the taking 
of the specimen, samples were obtained before the injec- 
tions were given. 

Twenty-four hours after the onset of the study, the dose 
of streptomycin was increased to 150,000 units in 10 ml. 
of solution intramuscularly every 3 hours. At this dosage 
level a total of 1,950,000 units of streptomycin were given 
in 13 injections from the twenty-fifth to the sixtieth hour 
of the study. 

Beginning at the sixty-third hour, the dosage was re- 
duced to the original level of 75,000 units in 5 ml. intra- 
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TABLE I 

Blood, and ■urine concentration and excretion of streptomycin in relation to dosage by lime periods 

Subject — Nadherny 


Time period 

Urine output 

Dosage 

Blood 

concentration 

Urine 

concentration 

Excretion 

fcoiirt 

ml. 

units 3 kours 

units pa- ml. 

* units 

Control 



1.0 to 2.0 



1 

375 


1.0 to 2.0 

40.0 

15,000 

2 

3 

100 

100 

75,000 intramuscularly for 8 doses 

1.0 to 2.0 

1.0 to 2.0 

80.0 

80.0 

8,000 

8,000 

12 

1,125 


1.0 to 2.5 

80.0 

90,000 

24 

1,890 


1.0 to 2.0 

140.0 

264,000 

25 



8.0 



26 

200 


13.0 

160.0 

32,000 

27 

450 


6.0 

140.0 

63,000 

36 

800 


13.0 

400.0 

320,000 

37'j 

38V39b 

200 

250 

150,000 intramuscularly for 13 doses 


400.0 

200.0 

80,000* 

50,000* 

39 1 

150 


18.0 



39b 

600 



240.0 

144,000 

48 

1,790 


10.0 

180.0 

322,000 

60 

1,375 

. 

8.0 

270.0 

371,000 

63 

66 


75,000 intramuscularly for 2 doses 


■111 


69 






72 

3,975 

XT 

5.0 


278,250 

84 

1,410 


1.0 to 2.5 


56,400 

93 

600 


1.0 to 2.5 

tmnm 

12,000 

94 

600 


1.0 to 2.5 

2.5 

1,500 

95 

800 


1.0 to 2.5 

0 

0 

96 

97 

700 

500 

31,250 orally** for 8 doses 

1.0 to 2.5 

1.0 to 2.5 

2.5 

2.5 

1,750 

1,250 

109 

1,750 


1.0 to 2.5 

2.5 

4,375 

117 

inn^^gjun 


1.0 to 2.5 

2.5 

3,350 

120 

800 

None 

1.0 to 2.5 

0 

0 

132 

2,150 

1.25 

2.5 

5,375 


• These 2 excretion values arc not included in the total excretion because sample 39b includes the toLnl excretion 
durinp hours 37 to 39 (881,200 units). 

** Blood levels following oral administration reported on a basis of estimated unitage. 
t Hour at which blood was taken. 


muscularly for 2 doses. Intramuscular administration 
was tl'cn discontinued. These latter changes in dosage 
were made necessary by tlic toxic manifesLations of the 
particular lot of drug studied. 

From the sixty-ninth through the ninety-third hour, no 
further drug was administered luit specimens of blood and 
urine were collected as indicated in Tables I to IV. 

Beginning at the ninety-fourth hour and ending at the 
one hundred seventeenth hour, 31,250 units per dose of 
streptomycin were administered orally in capsules tor S 
doses. 

From the one hundroi twentietli to the one hundred 
tlurty-second hour, no further drrsg was administered hut 
specimens were acain co'.ltctod as indicate.! in Ta’■’.>^ ] 
to IV. 

IvCiCh il.ay during the course rf tl'r jtudv ti-.r ir.'!''-.vi"g 
r'.r.X'urcmcr.t* were rTvv'.e t n. e.'.ch p.-.ti'Tt ; fiuij --'taVr an! 


respiration were recorded every A hours throughout th.e 
day and night, .^n icteric index and a ccpluilin floccula- 
tion test were repeated at the end of the study. 

Procedure for the assay of streptoiv.ydn 
in blood and urine ■ 

Tlic concentrations r,\ strcptrmiycin in titc h'co'l 
and urine were (ictcnninc'i by a inc>t!i.^:ca!ion o: 
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taw.t; ti 


Blood and urine concentration and cxxrction of streptomycin in rdnlion to 

Subject — Jitisso 


"f 


Time 

Urine 

Do'.ikc 



t‘t r-ri I'i 

period 

output 



hour t 

ml. 

units fer 3 hrs. 

i; f 



Control 



1.0 to 2.0 


7.000 

1 

350 


1.0 10 2.0 

20.0 

2 

650 

75,000 intramuscularly for 

1,0 to 2.0 

20.0 

1.1,000 

3 

300 

8 doses 

1.0 to 2.0 

40.0 

l.LOOO 

12 

675 


2.5 to 5.0 

100.0 

67,500 

24 

2,765 


6.0 

100.0 

276.500 

25 



IS.O 

i 


26 

725 


1.1.0 

60.0 

4,1,500 

27 

450 


8.0 

80.0 

.16,000 

36 

550 


20.0 

270.0 

148,500 

37) 


150,000 intramuscularly for 




38y39b 

525 

13 doses 


240.0 

126,000* 

39] 

1 400 


20.0 ’ 



39b 

925 



150.0 

1.18,7.50 

48 

2,670 


20.0 

180,0 

480,600 

60 

1.725 

. ... i 


20.0 

240.0 

414,000 

63 


75,000 intramuscularly for 




66 


2 doses 




69 






72 

3,475 

None 

15.0 

80.0 

278,000 

84 

3,350 

5.0 

20.0 

67,000 

93 

2,580 


1.25 

5.0 

12,900 

94 

600 


1.0 to 2.5 

5.0 

3,000 

95 

650 


1.0 to 2.5 

3.0 

1,950 

96 

97 

700 

500 

31,250 orally** for 8 doses 

1.0 to 2.5 

1.0 to 2.5 

5.0 

3.0 

3.500 

1.500 

109 

2,600 


1.0 to 2.5 

3.0 

7,800 

117 

2,190 


1.0 to 2.5 

3.0 

6,570 

120 

1,250 

None 

<1.25 

3.0 

3,750 

132 

1,220 

<1.25 

8.0 

9,760 


* This excretion value is not included in the total excretion because sample 39b includes the total excretion during 
hours 37 to 39 (138,750 units). 

** Blood levels following oral administration reported on a basis of estimated unitage. 
t Hour at which blood was taken. 


the Foster-Woodruff assay method (14) for strep- 
tothricin. In order to increase the sensitivity of 
the method, all blood samples were hemolyzed 
by the addition of weighed amounts (0.5 to 1.0 
mgm.) of saponin. This prevented the red cells 
in the blood samples from settling at the base of 
the penicylinders, thereby facilitating diffusion of 
the, drug through the agar. 

The concentration of streptomycin in blood 
was determined from a standard curve of refer- 
ence for each blood assay. Dilutions of the drug 
standard (5, 10, 20, 40, 60, 80, 100 units per ml.) 
were made in normal hemolyzed blood, with the 
latter as diluent. The diameters of the resulting 
zones of cleared area were plotted as ordinates 
against the concentrations of streptomycin as 
abcissae. 


Test bloods were diluted when necessarj' with 
normal hemolyzed blood to contain approximately 
20 to 60 units per ml., otherwise the sample was 
assayed undiluted. Dilutions of the test sample 
and each standard level were run in' duplicate. 
The concentration of streptomycin in a test sample 
was obtained by determining from the standard 
curve the drug concentration corresponding to the 
diameter of the zone of inhibition and correcting 
for the dilution. 

Distilled water replaced whole hemolyzed blood 
as the diluent in the assay of the urine specimens. 

In the preparation of agar plates for the assay, 
0.1 ml. of a standardized B. subtilis ® inoculum was 
added to each 100 ml. of molten (45 to 50° C.) 

® Supplied by Microbiological Laboratories, Merck & 
Co., Inc. 
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F.D,A. agar. By means of a calibrated wide 
mouth pipette, 13 ml. of the seeded agar was 
delivered into each petri dish. After cooling and 
solidification of the agar, beveled glass penicyl- 
inders were warmed in a Bunsen flame and placed 
upon the agar surface resulting in an effective 
seal between the glass cylinder and the agar. The 
cylinders were then filled with the test samples. 
For the assay of blood specimens both the standard 
and the test samples were placed in the icebox 
overnight to insure complete diffusion of the 
drug through the agar plate but this was not 
necessary in the case of urine specimens. The 
plates were then incubated at 30° C. for 16 to 18 
hours. The diameters of the cleared areas were 
then recorded in millimeters. 


Absorption and excretion oj streptomycin 

Individual observations at various time periods 
in urine output, blood concentration, urine con- 
centration and excretion of streptomycin in the A 
subjects studied are detailed in Tables I to IV. In 
these tables it will be noted that the concentration 
of streptomycin in the blood resulting from a dose 
of 75,000 units intramuscularly every 3 hours are 
very low and are at the same level as the control 
blood specimens. They are also in approximate!}' 
the same range obtainable as a result of oral 
administration of 31,250 units ever}’ 3 hours. 
These levels are so low that they cannot accurately 
be determined by the method used, but it is obvious 
that they are below the expected range of thera- 
peutic effectiveness of the drug against most of 


TABLE III 


Blood and urine concentration and excretion of streptomycin in relation to dosage by time periods 

Subject — Schsva id 


Time 

period 

Urine 

output 

Dosage 

Blood 

concentration 

Urine i 

concentration 

Eicrction 

hour t 

ml. 

units Per S hrs. 

1 units per ni. 

units 

Control 



1.0 to 2.0 



1 

soo 


2.5 

20.0 

10,000 

2 

350 

75,000 intramuscularly for 

1.0 to 2.0 

70.0 

24,500 

3 

400 

8 doses 

1.0 to 2.0 

80.0 

32,000 

12 

1,325 


2.5 to 5.0 

100.0 

132,500 

24 

2,540 


2.5 

100.0 

254,000 

25 



18.0 



26 

150 


20.0 

140.0 

21,000 

27 

175 


18.0 

100.0 

17.500 

36 

640 


13.0 

320.0 

20^5.000 

371 


150,000 intramuscularly for 




38139b 

125 

13 doses 


320.0 

40,000* 

391 

200 


18.0 


39b 

325 



200.0 

65,000 

48 

1,615 


8.0 

200.0 

323,000 

60 

450 


10.0 

400.0 

1 80,000 

63 


75,000 intramuscularlv tor 



i 

66 


2 doses 




69 





i 

72 

1,075 

None 

8.0 

60.0 

64.590 

84 

1,825 

5.0 

90.0 

164,250 

93 

1,400 


2.5 

15.0 

21,^) 

94 

700 


1.0 so 2.5 

0 1 

5 rrC) 

95 

300 


1.0 so 2.5 

20.0 

(i.rrci 

96 

97 

200 

200 

51,250 or.'illy** for S <3(>vr^ 

1.0 to 2.5 

1.0 to 2.5 

i 

1 10 0 1 

2 fro 

2 '•'O 

109 

1,750 


•y c ' 

1 ^ O ! 

s 

117 

1,490 


2.5 to 5.0 

- 5.0 ‘ 

7^4 '9 

t:o 

132 

250 

740 

f Nor:'' 

1 

1 J nt ,,, -> e 

i '<1.:5‘” 

f f. 

; s5,o 
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TABLE IV 

Blood a?td mine concentration and excretion of streptomycin in relation to dosnp,e by lime periods 

Subject — IIVhj 


Time 

period 

Urine 

output 

Do?nr.c 

RIood 

concpntr.ttion 

Urine 

concentration 

Eicrcllon 

hour t 

ml. 

unili per 3 hrs. 

lint!} per ml. 

urti:s 

Control 



1.0 to 2.0 



1 

325 


1.0 to 2.0 

20.0 


2 

75 

75,000 intranuiscularly for 

1.0 to 2.0 

150.0 


3 

200 

8 doses 

1.0 to 2.0 

70.0 


12 

660 


1.0 to 2.5 

100.0 


24 

2,195 


5.0 

80.0 


25 



5.0 

mniiiiiiiiiii 


26 

300 


13.0 


12,000 

27 

400 


10.0 


32,000 

36 

500 


8.0 


140,000 

37) 

50 

150,000 intramuscularly for 



20,000* 

38 39b 

225 

13 doses 


120.0 

27,000* 

39j 

350 


13.0 


39b 

625 



120.0 

75,000 

48 

2,015 


10.0 

200.0 

•10.1,000 

60 

355 


6.0 

200.0 

71,000 

63 


75,000 intramuscularl}’ for 




66 


2 doses 




69 






72 

84 

2,695 

2,125 

None 

5.0 

1.25 

70.0 

20.0 

1SS.650 

42,500 

93 

1,500 


2.5 

10.0 

15,000 

94 



1.25 

0.0 

0 

95 

400 


1.25 

2.5 

1,000 

96 

97 


31,250 orally** for 8 doses 

1.0 to 2.5 

1.0 to 2.5 

2.5 

2.5 

1,000 

875 

109 



1.0 to 2.5 

2.5 

3,125 

117 



1.0 to 2.5 

0.0 

0 

120 

650 

None 

1.0 to 2.5 

0.0 

0 

132 

490 

<1.25 

2.5 

1,225 


* These 2 excretion values are not included in the total excretion because sample 39b includes the total excretion 
during hours 37 to 39 (75,000 units). 

** Blood levels following oral administration reported on the basis of estimated unitage. 
t Hour at which blood was taken. 


the microorganisms which have thus far been 
tested in vitro (3). However, tlie number of 
units excreted in the interval during intramuscular 
administration of 75,000 units every 3 hours is 
obviously much greater than the amount excreted 
as a result of the oral administration. This would 
indicate that very small amounts of the drug are 
absorbed when administered orally and that when 
somewhat larger amounts are absorbed, as in the 
intramuscular dosage of 75,000 units eveiy 3 
hours, the drug is excreted in the urine so rapidly 
that no significant blood level is attained. 

In the second phase of the experiment, after 
increasing the dose to 150,000 units intramuscu- 
larly every 3 hours, the concentrations of the drug 
in tire blood rose sharply into the range of thera- 


peutic effectiveness and were maintained at that 
level despite excessive intake and output of fluid. 
Therefore, such levels can reasonably be expected 
to be attained with this dosage of the drug. 

It is further evident from the study of Tables 

1 to IV that even though the dosage of the drug 
was halved at the sixty-third hour and discon- 
tinued at the sixty-sixth hour, a measurable 
amount of the drug was still present in the blood 
until the seventy-second hour, and that excretion 
in the urine continued through the ninety-third 
hour. 

The data in Table V are summarized in pro- 
tracted time periods. The percentage excretion 
of the drug is relatively constant during the first 

2 periods regardless of the increase in dosage dur- 
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ing the second period. However, during the third 
period in 2 of the 4 patients (S and W), when 
the urinary output dropped because of the toxic 
manifestations of the drug, there was a decrease 
in the output of the drug. 

During the fourth period, following discon- 
tinuation of the drug administration at which time 
tlie output of urine increased in 3 of the 4 patients 
(R, S, and W), some of the retained drug was 
excreted. The small amount of drug absorbed 


when administered by mouth is reemphasized in 
Table V. 

In Tables VI to IX, pertinent laboratorj' ob- 
ser%’ations are summarized. This lot of drug 
produced a leukocytosis with an increase in poly- 
morphonuclear leukocytes, an increase in the sedi- 
mentation rate and an increase in the formed 
elements in the urine. There was a concomitant 
decrease in the urinar}' output in 2 patients (S 
and W). Examination of the urine approxi- 


TABLE V 


Dosage, excretion, and ctmulalive excretion of streptomycin by time periods 



Streptomycin 
Dosage • 

Fluid 

Intake 


Streptomycin excretion 

Time periods 

Urine output 

Amount in 
each period 

1 Percentasre in 
each period 

Cumulative 

percentage 

hours 

0 to 24 

units 

I.M. 

600,000 

ml, 

7,375 

Subject — iV 

ml, 

3,590 

units 

385,600 

64.3 

64.3 

25 to 48 

1,200,000 

6,640 

4,140 

881,200 

73.4 

70.4 

49 to 72 

900,000 

7,840 

5,350 

649,500 

72.1 

71.0 

73 to 93 

000,000 

3,665 

2,010 

68,400 


73.5 

94 to 117 

P.O. 

250,000 

7,160 

5,690 

12,225 

4.9 

67.7 

118 to 132 

000,000 

2,000 

2,950 

5,375 

2.2 

. 67.9 

hours 

Oto 24 

units 

I.M. 

600,000 

tn/. 

8,335 

Subject — R 

ml, 

4,740 

I units 

376,000 

62.7 

62.7 

25 to 48 

1,200,000 

8,920 

5,320 

847,350 

70.6 

68. 0 

49 to 72 

900,000 

9,580 

5,200 

692,000 

76.8 

70.9 

73 to 93 

000,000 

3,575 

5,930 

79,900 


73.9 

94 to 117 

P.O. 

250,000 

7,855 

7,240 

24,320 

9.7 

6.8.S 

118 to 132 

000,000 

2,500 

[ 2.470 

13,510 ‘ 

5.4 

68.8 

hours 

0 to 24 

units 

I.M. 

600,000 

r*J. 1 

1 

9,195 

Subject — S 

ml. 1 

1 

5,US 

453,000 

75.5 

75.5 

25 to 48 

1,200,000 

4,920 

3,055 

631,300 

52.6 

60.2 

49 to 72 

900,000 

7,250 

1,525 

244.500 

27.1 

49.2 

73 to 93 

000,000 

3,015 

3,225 

185,250 


56 0 

94 to 117 

P.O. 

250,000 

3,215 

1,000 

4,640 

31.800 

12.7 

.'2.4 

118 to 132 

000,000 

990 

13,100 

5.3 

52.9 



rrj. 

Subject — V.' 

1 %»i:i 

\ 


0 to 24 

I.M. 

600,000 

5,320 

3,455 

1 

27.3.,450 

I 

; 4',' 

j 

! 4t t 

2S to4S 

1,200.000 

9,220 

3,940 
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mately 4 days following the completion of the 
experiment at the two hundred thirty-first hour 
showed a decrease in the abnormal findings in 
the urine. 

The patients also developed fever and signs of 
inflammation at the sites of injection. From 
more recent experience in the use of this drug 
(16) the toxic manifestations demonstrated by the 
2 lots of drugs studied would be considered atypi- 
cal and have not resulted from therapy with 
subsequent lots of streptomycin. The only change 
noted in the cardiovascular system was a depres- 
sion in the systolic and diastolic blood pressure 
which became manifest vtvy early in the course 
of drug administration as indicated by the blood 
pressure measurements at the twelfth hour in 
Tables VI to VIII. The daily electrocardiograms 
showed no significant changes. 

The data in 2 recent publications (17, 18), 
utilizing the same method of assay described in this 
paper, could not be compared with these results 
since the minimum period for which data were 
presented in those studies was 24 hours. 

Typhoid carrier study 

The stool cultures taken prior to the admini- 
stration of the drug were all strongly positive for 
B. typhosus. The typhoid bacilli isolated from 
patient R proved to be type E, and that from 
patient W, type A. The typhoid bacilli isolated 
from the other 2 patients did not type. The 
sensitivity of the typhoid bacilli to streptomycin 
ranged between 10 and 20 units per ml. (S = 10 
units per ml.; N, R, and W = 20 units per ml.). 
There were no significant changes in the number 
' of typhoid bacilli in the stools of any of the 
patients during the intramuscular administration 
of the drug. Stool specimens from 2 of 3 patients 
(from patient S and W but not from patient R), 
obtained at the end of the 24-hour period of oral 
administration of 31,250 units of the drug every 
3 hours, were negative for typhoid bacilli but were 
positive again 12 hours later. 

The urine cultures were negative prior to 
therapy and remained so. 

SUMMARY AND CONCLUSIONS 

1. Absorption and excretion of streptomycin 
following intramuscular and oral administration 


were studied in 4 human typhoid carrier.^. Strep- 
tomycin was admini.stered every 3 hours in a 
dosage of 75,000 and 150,000 units intranuiscu- 
larly and 31,250 units orally. 

2. Following inlramu.scular administration of 
streptomycin aj)pro.Kimatcly 60 to 70 per cent of 
the drug was excreted iti the urine durittg a 24- 
hour period. Appreciable amosint.s of the drug 
were not ab.sorbed from the gastrointestinal tract 
following repeated administration of capsules con- 
taining 31,250 units. 

3. Blood concentrations of streptomycin follow- 
ing administration of 75,000 units intramuscularly 
every 3 hours ranged from 0 to 6 units per ml. 
and when the dose was increased to 150,0(X) units 
every 3 hours, the level rose to 5 to 20 units per 
ml. 

4. Certain toxic manifestations unique for these 
particular lots of drug were noted. 

5. At a dosage level of 75,000 or 150,000 tinits 
intramuscularly ever}’ 3 hour.s, no significant bac- 
teriostatic effect on the typhoid bacilli in tlie stool 
was obtained. Following oral administration of 
31,250 units every 3 hours, a definite transitoiy' 
bacteriostatic effect on the typhoid bacilli in the 
stool was obtained in 2 of 3 patients. 

The authors wish to express ttieir appreciation to Dr. 
Harry J. Robinson for Jiis most helpful assistance during 
the course of this study. 
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INTRODUCTION 

It has been reported (1) that body thiamine 
levels play a very important role in the resistance 
to hemorrhage shock in dogs. This report de- 
scribes an attempt to confirm the role of thiamine 
in the case of tourniquet shock in rats. The 
tourniquet procedure has been well standardized 
(2). Using young adult rats under such a 
standardized procedure, it is possible to obtain 
a statisticall}'^ valid analysis of the role of 
thiamine in tourniquet shock. While a com- 
parison may or may not be made between two 
types of shock in two different species, we feel 
that these negative results are at least typical 
of tourniquet shock in rats. 


the thi.iminc-deficient diet used by earlier workers (1): 
18.6 per cent \'itamin-frcc casein, 58.8 per cent sucrose, 7.8 
per cent cottonseed oil, 3.9 per cent .salt mi.xture, 7.8 per 
cent autoclaved yeast, 1.0 per cent apar, and 2.0 per cent 
cod-liver oil. Experiments were performed after various 
periods on this diet. 

No tissue analyses for thiamine were made, nor was the 
autoclaved yca.st analyzed. However, many observ'ations 
clearly indicated dietary elTccts on the rats fed the syn- 
thetic diet. These animals lost their appetites to a large 
c.xtcnt, lost weight, became irritable and timorous. Their 
coats became mussed and dirty-Iooking. One had no 
difliculty telling normally fed rats from those on the syn- 
thetic diet. In addition to feeding the synthetic diet, 
coprophagia was minimized by using cages with mesh 
floors, through which the fecal pellets dropped. An oc- 
casional surx’iving animal was offered the standard “dog 
chow” diet which it proceeded to attack ravenously. 

No attempt w-as made to regulate the environmental 


METHODS 

"Shock” was produced by placing a rubber-band tourni- 
quet on one hind limb of a rat, leaving it for a stated period 
of time, and then removing the tourniquet. Upon removal, 
the animal goes into “shock,” which under properly 
chosen conditions is fatal. The proportion of fatalities 
obtained is determined by the amount of tissue included 
under the tourniquet, the length of time the tourniquet is 
in position, and the environmental temperature, among 
other things. In these e.xperiments, the tourniquet was 


temperature or other environmental factors, all controls 
being run simultaneously under the same laboratory 
conditions as the corresponding test group. 

RESULTS 

The results obtained are summarized in Table 
I. Of 24 animals, all survived a tourniquet in 
place for 4 to 4^ hours. Of 88 animals sub- 

TABLE I 


applied to one hind limb only, -usually anchoring it over 
the head of the femur. This served both to standardize 
the location and to prevent the band from slipping down 
to a lower position. After preliminary experiments, a 
length of time during which the tourniquet was in position 
was chosen such that only a small proportion of the normal 
rats used would suffer a fatal outcome to shock. Under 
these circumstances, if the thiamine-depleted animals 
proved more susceptible' to shock, they would show a 
definitely higher death rate. 

Litters of young rats were divided into control and test 
groups. The controls were fed the standard laboratory 
diet containing adequate thiamine, the others were fed 

1 The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the University of Rochester School of 
Medicine and Dentistry. Part of the work was also 
assisted by grants in aid from the Rockefeller Foundation 
and the Fluid Research Fund of the University of Rochester. 


Effect of thiamine-deficient diet on tourniquet 
shock survival in young adult rats 


Tournicjuct 

duration 


4 hours 


hours 


Totals 


Controls 


Bi-defidents 


Number 

of 

rats 

Number 

suc- 

cumbed 

Days 

on 

diet 

Number 

of 

rats 

8? 

0 

7 

89 

49 

0 

16 

4d’ 

12 9 

1 

11 

12 9 

79 

3 

14 

79 

def 

4 

16 

49 4d’ 

11 9 

2 

22 

10 9 

79 

6 

39 

89 

55 

16 


57 


Number 

suc- 

cumbed 
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jected to tourniquet for 4^^ hours, one third 
succumbed to "shock.” It made no difference 
in this series whether the diet had been the 
normal laboratory diet or whether it was the 
thiamine-deficient synthetic diet. All animals 
that died succumbed in less than 36 hours 
following removal of the tourniquet. 

Inasmuch as the transition between no fa- 
talities and approximately 100 per cent fatality 
occurs in the short interval between approxi- 
mately hours tourniquet time, and approxi- 
mately 5 to 5J4 hours tourniquet time, and a 
variation of resistance occurs between ages and 
between litters, a certain amount of variation in 
percentage fatality in different experiments with 
small numbers of animals may be expected. 
Individual experiments, however, always have 
been comparisons of sets of litter mates, and 
show no significant differences in death rates 
between normally fed animals and those on the 
deficient diet. 

From this series of experiments, it may be 
concluded that thiamine plays at best a minor 
rSIe in determining resistance to tourniquet shock 
in rats. One respect in which the thiamine- 
deficient animals may differ from the normals is 


in their apparently greater tendencj^ to gastric 
hemorrhage. Those animals that survive 15 
hours or longer seem to show progressively 
greater gastric hemorrhage. The intestine in 
almost all cases also contains dark material 
suggesting partially digested blood. Frequently, 
the feces of animals going into shock give a 
positive blood reaction to benzidine reagent. 
This reaction seems more frequent with the 
thiamine-deficient animals than with the con- 
trols, although it is occasionally also found in 
the latter following shock. The feces fail to 
show the reaction before the shock treatment. 

SUMMARY 

In rats, a thiamine-deficient diet for various 
periods (11 to 39 days) had no appreciable 
influence on the survival rate from shock pro- 
duced by a tourniquet. 
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INTRODUCTION 

It has been pointed out (1) that all factors 
which are at present known to produce shock or 
to aggravate the condition if present have one 
physiological action in common. They arc all 
adequate stimuli for producing hyperactivity 
of the sympathetic nervous system. More re- 
cently, a report (2) has been made that pro- 
longed adrenalin injection produces a rather 
standardized reproducible shock-like condition, 
with a depressed blood pressure, increased 
hematocrit, and reduced blood volume. The 
observations of these workers have been re- 
peated, using this method to obtain a reproduci- 
ble state of shock where it was possible to record 
tissue temperatures and the percentage of total 
water in various tissues. 

METHODS 

Dogs weighing from 9 to 28 kgm. were used in this study. 
They were not limited as to breed, sex, or age, but, in 
general, young dogs in good health were selected. On the 
days of the e.xperiment, the animals were not fed, but were 
allowed to drink water. 

Nembutal was used in the experiments performed under 
anesthesia. A dose of 30 mgm. per kgm. was administered 
intraperitoneally at the beginning of the experiment, and, 
in some cases, an additional dose was given at subsequent 
intervals to maintain the anesthesia. In those experiments 
without general anesthesia, the dogs were strapped on the 
table and both the femoral arteries and veins were ex- 


1 This study was assisted in part by a grant from the 
Josiah Macy Foundation. Part of the work described 
in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of 
Scientific Research and Development and the University 
of Rochester School of Medicine and Dentistry. Part of 
the work was also assisted by grants in aid from the Rocke- 
feller Foundation and the Fluid Research Fund of the 
University of Rochester. 


posed under a local anesthesia of 2 per cent procain. The 
right femoral arterj’ was cannulatcd and connected to a 
mercurj' manometer for continuous blood pressure meas- 
urement in both groups of animals. 

Constant temperature records of various muscles were 
made at frequent intcrv’als during the whole experiment 
with specially constnictcd needle thermocouple equipment. 
After the control blood samples were taken and the control 
blood pressures and temperatures for various sites were 
recorded for 1 hour, the injection of adrenalin was started 
into the left femoral vein. A Murphy drip apparatus was 
regulated to deliver the adrenalin at a uniform rate. A 
1:5000 dilution of adrenalin was used, and the usual rate 
was 0.010 mgm. per kgm. per minute for one hour. At 
the end of the hour, 10 ml. of saline were run through the 
apparatus into the vein to wash in the last 4 or 5 ml. of 
adrenalin solution remaining in the rubber tube leading 
to the needle. 

After the dogs expired or were sacrificed, an autopsy nas 
performed at which time duplicate samples of various 
tissues were taken for the determination of tlie percentage 
of total water. This was calculated from the weights of 
the tissue samples before and after drying at 100° C. for 
48 hours. 

RESULTS AND DISCUSSION 

In Studying temperature changes associated 
with shock, it is necessary to know the effect 
of the anesthesia used. This was studied by 
first recording the temperature changes occurring 
in anesthetized dogs. In order to know precisely 
the temperature changes associated with the 
adrenalin shock state, one group of animals was 
given adrenalin with no anesthesia. 

One unanesthetized dog was studied over a 
period of 15 hours. The thermocouples were 
inserted and the temperatures recorded every 
15 minutes. The rectal temperature remained 
constant within ±0.2° C. for most of the 15-hour 
period. The subcutaneous and intramuscular 
(both trunk and limb) temperatures paralleled 
each other very closely, there being no appreci- 
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Fig. 1. Temperature Changes as a Result of Nembutal Anesthesia in a Dog 
The Nembutal was injected intraperitoneally over a control period of 4 hours. 


able difference between the two. Generally, 
they were from 0.5° C. to 1.0° C. lower than the 
rectal temperature. 

Three dogs were given Nembutal intraperi- 
toneally after a control period of 4 hours. A 
typical experiment is shown in Figure 1, which 
shows the effect of Nembutal to be a generalized 
parallel fall in the subcutaneous, intramuscular, 
and rectal temperatures. 

Figure 2 represents the average temperature 
changes in 6 dogs which received adrenalin but 
no anesthesia. The rectal temperature remained 
at a constant of 39.9° C. The spinal muscles 
of the lumbar region followed closely the rectal 
temperature at 39.5° C., with a tendency to 
fall slightly after the administration of adrenalin. 
The ficucor muscles of the left hind leg fell 
steadily in temperature at the rate of 0.3“ C. 
per hour, and the extensor muscles of the foreleg 
dropped in a parallel fashion. The temperature 
of the small muscle groups of the extremities 


(flexor muscles of the forefoot and the extensor 
muscles of the hind foot) dropped over 1.5° C. 
during the period of an hour when adrenalin was 
injected. After the injection of adrenalin was 
completed, these two groups of muscles lost 
heat at the rate of about 0.2° C. per hour. 

Figure 3 illustrates the behavior of the rectal 
and intramuscular temperatures in adrenalin 
shock with Nembutal anesthesia. The curv'cs 
represent an average of 5 experiments. There 
are several points of difference in this group of 
animals compared with the group which received 
adrenalin without anesthesia. The level of 
the initial temperatures was roughly 2° C. lower. 
The rectal temperature fell during and after the 
adrenalin injection. The temperature of the 
extensor muscles of the foreleg, the flexor muscles 
of the hind leg, and the extensor muscles of 
the hind foot rose during the second hour after 
the completion of the adrenalin injection. 

Thirty-two animals receiving adrenalin injec- 
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Fig. 2. Temperature Changes as a Result of 
Adrenalin 

The curves represent average values for 6 dogs. No 
anesthesia was given. Adrenalin was given at a uniform 
rate (0.010 mgm. per kgm. per minute) over a period of 1 
hour following a control period of 1 hour. 

tions have been studied. The results are sum- 
marized in Table I. On the basis of survival 
time, it appears that Nembutal anesthesia has 
a deleterious efifect in adrenalin shock. If the 
amount of adrenalin was increased, the survival 
time was lessened. An attempt was made to 
raise the peripheral temperatures to normal by 
application of heat by means of lamps to the 4 
extremities. The length of survival of the 5 
animals studied shows that the heat applied to 
the extremities has no beneficial effect in adrena- 
lin shock. Only 3 dogs were studied in which 
cold applications were made, and the results are 
inconclusive. 

The hematocrit changes are also given in 
Table I. In 3 animals there was no significant 
change. The remaining dogs, however, showed 
an increase in hematocrit ranging from 5 to 30 
per cent. The hematocrit did not show any 
uniform relationship to the degree of shock or 
gm-vival time of the animal. It seemed to 
depend on characteristic individual differences 

the vascular system and their responses to the 
experimental procedure. The wide variation in 
response to adrenalin and other drugs is well 
known clinically as well as experimentally. 

The increase in hematocrit as a result of the 
adrenalin injections could be due to a loss of 
plasma into the tissues, to a release of red cells 


from the spleen and splanchnic area, or to a 
withdrawal of plasma into the surface films in 
small vessels by vasoconstriction. 

In some animals, the hematocrit may rise as 
much as 20 per cent within a few minutes after 
the adrenalin injection is started. It hardly 
seems reasonable that a loss of plasma into the 
tissues would occur so rapidly to account for 
this increased hematocrit. It has been shown 
in normal men (3) and in unancsthatized dogs 
(4) that there arc no considerable stores of im- 
mobilized erythrocytes. The latter group con- 
cluded that all the red blood cells of the dog are in 
active circulation. It should be pointed out, 
however, that these conclusions may not apply 
to anesthetized dogs. The most logical ex- 
planation of the increase in hematocrit is a 
removal of plasma into the surface films of the 
small vessels by vasoconstriction. These work- 
ers have emphasized the importance of consider- 
ing the sluggishly flowing plasma films in studies 
of plasma volume. They have also shown that 
the average hematocrit of the entire vascular 
system is considerably lower than the hematocrit 
of the large vessels, and the hematocrit of the 
smaller vessels is still less. 

The arterial pressures are given in Table I. 
Only the normal levels and those at 30 minutes 
and 1 hour after completion of the adrenalin 



Fig. 3. Temperature Changes in Adrenalin Shock 
WITH Nembutal Anesthesia 
The curves represent average values for 6 dogs. Nem- 
butal was given intraperitoneally. After 1 hour, the 
adrenalin was injected at a uniform rate (0.010 mgm. per 
kgm. per minute) over a period of 1 hour. 
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TABLE I 


. A summary of the results of adrenalin shock in 32 animals 




Hematocrit 

Blood pressure 

Change in serum electrolj'tes 

Adrenalin 
dose in 

Survival time after 
adrenalin injection 
was begun 

Normal i 

Immediately 
after com- 
pletion of 
adrenalin 
injection 

Pre- 

exitus 

Normal 

Hours after 
completion of 
adrenalin injection 

■ 

Mg 

■ 






1 

m 

■ 


■ 

mgin. per kgm. per 
min. for 60 min. 

hours min. 

per cent 

1 

mm. Hg 

per cent 


Seven dogs with Nembutal and standard dose of adrenalin 



8 

32 

40 

52 

54 

130 

50 

40 

-3 

-f21 

-5 


4 

-43 

47 

63 

62 

ISO 

100 

85 

-2 

+28 

+4 


2 

7 

57 

58 

59 

170 

no 

40 

+ I 

+ 1 

+2 


1 

20 

52 

70 

68 




4*5 

+31 

+9 


6 

30 

56 

60 

64 

140 

90 

80 





1 

25 

52 

50 

50 

115 

Died 






0 

48 

52 

Died 


90 

Died 






Ten dogs with no anesthesia and standard dose of adrenalin 


0.009 

Indefinitely 

49 

51 


150 

50 

60 




0.010 

Indefinitely 

57 

62 


150 

100 

80 




0.010 

1 56 

40 

47 

47 

150 

SO 

Died 

-2 

— 2 

0 

0.008 

5 30 


40 

39 

165 

70 

90 

+7 

-25 

-4 

O.OlO 

Indefinitely 

48 

60 


130 

SO 

40 




0.010 

Indefinitely 

42 

60 


130 

80 

70 

-3 

+7 

0 

0.010 

Sacrificed 

52 

56 

57 

170 

40 

35 

-4 

-5 

-1 

0.010 

Sacrificed 

44 

44 

44 

90 

35 

35 

+2 

+2 

+2 

0.010 

Sacrificed 

50 

53 

56 

170 

100 

95 




0.010 

2 28 


69 

69 

180 

o:> 

35 

+ 15 

+25 

—2 


Seven dogs with Nembutal and larger dose of adrenalin 


0.011(112") 

1 

30 

45 

53 

53 

140 

50 

Died 

+ 7 



0.020 (40") 

0 

40 

49 

63 

63 







0.025 

6 

Sacrif. 

42 

56 

56 

150 

70 

60 




0.028 (95") 

2 

45 

38 

46 

45 

145 

80 

40 




0.023(114") 

3 

3 

32 

52 

49 

140 

30 

20 




0.029 

1 

0 

44 

50 

50 

130 

Died 


5 

+23 

+3 

0.01! (90") 

1 

33 

44 

53 

53 

150 

Died 






Five dogs with heat applied after adrenalin injection 


0.010 

0.010 

0.011(45") 

0.015(80") 

0.017* 


S3 

63 

63 


70 

55 




46 

53 

53 


55 

70 




54 

63 

53 
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+ 19 

+ 17 

+2 

48 

55 

55 
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-3 

+ 12 

+4 

43 

53 

53 

170 

Died 


+22 

+ 10 
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Three dogs with Nembutal. Cold applied after adrenalin injection 


0.010 

0.018(114") 

0.014 


5 

1 
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64 
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TADLE II 


Percentage of water in the tissues taken from normal animals and from animals in adrenalin shock 

The figures in parentheses represent the number of animals. The Fisher "t test" was employed for the statistical 
analysis of the data. 



1 

Heart 

Liver 

Spleen 

Bone 

Testicle 

Intes- 

tine 

Chest 

muscle 

LunK 

Kidney 

Lck 

muscle 

Skin 

Brain 

Normal 

Adrenalin shock 
Difference 
Statistically slEnifi- 
cant (P g 0.05) 

78.1(12) 

81.6(22) 

+3.5 

+ 

73.9(1.1) 

75.6(22) 

77.6(14) 
78.7(20) 
+ 1.1 
+ 

34 .5 (.3) 
40.7(3) 
+6.2 

84.5(4) 

85.1(3) 

+0.6 

79.2(14) 

79.5(20) 

+oa 

>4.1(13) 

72.5(21) 

-1.6 

+ 

79.9(12) 

78.8(21) 

-l.I 

81.4(15) 

80.2(20) 

-1.2 

+ 

76.9(7) 

76.0(9) 

-0.9 

59.4(13) 

55.5(19) 

-3.9 

■ 


injection are included here. There is an initial 
rise in the blood pressure when the adrenalin 
injection is started which is followed by a 
marked fall. In general, the drop in blood 
pressure continues until the animal e.xpires. 
Similar patterns have been reported (5, 2) in 
arterial blood pressure as a result of sufficiently 
large doses of adrenalin. 

Spectrographic analysis of scrum potassium 
and sodium showed no consistent variation, 
while serum magnesium showed an average in- 
crease of 17 per cent in the 11 anesthetized ani- 
mals examined. This has been noted as a 
rather consistent effect of Nembutal in many 
subsequent experiments and has no relation to 
adrenalin injection. The latter does not inhibit 
this effect. 

A summary of the data concerning the per- 
centage of water in the tissues in both normal 
controls and animals subjected to adrenalin shock 
is given in Table II. Since there was no ap- 
parent difference between the animals given 
Nembutal and those not given anesthesia, they 
have been grouped together. In the adrenalin 
experiments, the heart is subjected to an enor- 
mous strain, pericardial effusion usually occurs, 
and histological sections show some edema of the 
muscle. This evidence of increased fluid in the 
muscle is substantiated by an average increase of 
3.5 per cent over the average normal water per- 
centage determined by wet and dry weights in a 
rather large series of dogs. This increase in 
water content of the heart is highly significant 
when treated statistically. The Fisher t test 
was employed for the statistical analysis of the 
data, and a P value of 0.05 or less has been con- 
sidered significant in this work. In the case of 
the heart, the P value was less than 0.01. By 
the same method, the liver and spleen show an 
increased total water content of 1.7 and 1.1 


per cent, respectively. These increases are 
statistically significant. Samples of bone were 
taken from 3 control dogs and 3 adrenalin- 
shock dogs, and the average increase was 6.2 
per cent in the adrenalin-treated animals. This 
gain, however, was not significant statistically, 
and is only suggestive in that the values in the 
different dogs varied over a rather wide range, 
and the number of animals studied was small. 
Of the tissues axamined, only the chest muscle 
and kidney were found to have a significant 
decrease in water content as a result of adrenalin 
shock. The data suggest that the brain may 
lose water, but more animals must be investi- 
gated before this can be made certain. The 
average decrease in water content of skin as a 
result of adrenalin shock was 3.9 per cent, but 
this was not significant statistically. No con- 
sistent wet and dry weight measurements were 
obtained on the skin, probably because the 
amount of adherent fat, hair, and fascia varies 
widely. The fluid loss or gains as indicated by 
the water content of the tissues do not suggest 
that any large shift of water from the circulation 
has occurred in any one place, but rather that 
the change must be a diffuse one. 

SUMMARY AND CONCLUSIONS 

(1) Nembutal anesthesia results in a general- 
ized parallel fall in the subcutaneous, intra- 
muscular, and rectal temperatures of the dog. 

(2) Injection of adrenalin under the conditions 
described has no effect on the rectal temperature. 
The peripheral muscle temperature drop is 
accentuated. 

(3) On the basis of survival time. Nembutal 
anesthesia appears to have a deleterious effect 
in adrenalin shock. 

(4) Applications of heat to the 4 extremities, 
in attempt to raise the peripheral temperatures 
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to normal, did not result 'in a beneficial effect in 
adrenalin shock. 

(5) In general, the hematocrit was elevated as 
a result of the injection of adrenalin. 

(d) The initial rise in arterial blood pressure 
when the adrenalin injection is begun is followed 
by a fall which continues fairly steadily until 
the animal succumbs. 

(7) The most significant finding in the change 
in percentage of water in the tissues as a result 
of adrenalin shock was an increase in water con- 
tent of the heart. Pericardial effusion usually 
occurs, and edema of the heart was also demon- 
strated histologically. The quantity of water 
involved is of no significance to the total water 
balance. 

(S) The findings indicate that, in this type of 
shock, there is no specific mobilization of water 
in the tissues which accounts for the rather fre- 
quent finding of a rise in hematocrit (hemo- 
concentration). 

(9) Serum potassium and sodium showed no 


consistent changes. A rather consistent in- 
crease (average of 17 per cent) in serum mag- 
nesium was found in those dogs given Nembutal 
anesthesia and was attributed to the latter. 
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Although many workers have discussed the 
development of humoral antibodies in patients 
with meningococcic infections, the results of 
their observ^ations have been irregular and at 
times conflicting. It has recently been con- 
cluded (1) that, of all the methods available at 
present, the agglutination test is the most re- 
liable. These workers were unable to achieve 
high agglutinin titers by the use of the usual 
method of incubation for 2 hours at 37.5° C., 
followed by 18 hours in the refrigerator, but 
with the use of the “thread test’’ they obtained 
consistent titers ranging up to 1 ; 128 in patients 
with meningococcic meningitis and as high as 
1:64: in contacts. We have likewise not ob- 
served sufficiently high titers with the orthodox 
method of incubation followed by refrigeration, 
and since the “thread test’’ is difficult to perform, 
except by persons highly trained in its use, we 
looked for another method which Avould be both 
reliable and practicable for routine use. 

In the course of our search, we found that the 
use of centrifugation, in place of heating and 
refrigeration, gave consistently high titers on the 
sera of most patients during the course of menin- 
gococcic meningitis. The test is easy to perform 
and the results are highly specific. Sera ob- 
tained from patients with a variety of other dis- 
eases, including pneumococcic pneumonia and 
meningitis, gonococcic cervicitis, arthritis and 
meningitis and streptococcus viridans endo- 
carditis, usually showed no agglutinins at all. 
In the occasional case where they did appear, 
the agglutinin titer was 1:2, 1: 4, or, m one in- 
stance, 1:8. One patient with lymphocytic 
choriomeningitis exhibited an agglutinin titer 
of 1 : 64 on the fourth day of her illness and titers 

iThis itady was aided by a grant from the Lederle 
Laboratories, Inc. 


of 1:32 in all of the 5 other specimens of sera 
examined, the last one having been obtained on 
the fourteenth day of the disease. We are un- 
able to account for these titers, which were so 
much higher than any others found in patients 
with infections not caused by the meningo- 
coccus, unless the patient might possibly have 
been a carrier of meningococci. This concept 
is strengthened by the fact that she was admitted 
during the peak of the meningitis epidemic, but 
cannot be proved, since no cultures were made 
from her throat. 

The present report is a correlation between the 
results of our centrifugation-agglutination test 
and the course of the disease in patients with 
meningococcic infections. 

PROCEDURE 

Specimens of serum were collected during the course of 
tlie disease, usually at inten'als of 1 or 2 days, from the 
day of admission until the day the patient was discharged 
from the hospital. In occasional patients, only 1 or 2 
samples of serum were obtained. 

Altogether 212 samples of serum were collected from 47 
patients with typed meningococcic meningitis, and 70 
specimens of serum from 20 patients who had meningitis 
resembling meningococcic meningitis clinically but from 
whose spinal fluid meningococci could not be cultured or 
typed by the immediate ‘‘quellung’’ method, although in 
some instances gram-negative diplococci were seen. A 
single agglutinin test was also done on each of 2 patients 
who appeared to have meningococcemia clinically, al- 
though the organisms were never cultured from the blood. 
All patients received sulfadiazine or sulfamerazine and 2 
of them received penicillin. 

The details of the technique of this test will be published 
elsewhere (2). Briefly, it was carried out as follows: 
Suspensions of strains of group I and group II alpha menin- 
gococci, freshly isolated from patients with the disease, 
were killed at 65° C. and suspended in physiological salt 
solution without preservative. Serial dilutions of the 
patient’s serum were prepared, and an equal amount of 
the diluted, killed suspension added to each tube, as in the 
usual agglutination test. Instead of incubation and 
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TABLE I 


. Agglutinin tilers achieved in cases of group I meningocaccic meningitis 


Titef 

Day of disease 

-All cafes 

1 to S 

6 to 10 

11 to 15 

16 to 20 

! 

21 to 25 

26 to 30 

30 and over 

Date of 
onset not 
known 

0 

37 

8 


6 

3 

3 

9 

2 

71 

1:2 

1 



1 

0 

0 

1 

0 

5 

1'.4 

3 



4 

0 

0 

0 

0 

11 

1:8 

0 



0 

1 

0 

0 

0 

6 

1:16 

4 



0 

0 

0 

0 

0 

6 

1:32 

1 


2 

0 

0 

0 

0 

0 

9 

1:64 1 

7 


2 1 

4 

1 

0 

0 

1 

1 19 

1:128 

5 


10 1 

1 

1 

0 

0 

1 

I 27 

1:256 

2 


11 

6 

1 

1 

0 

0 

1 32 

1:512 

0 

HH 

1 i 

1 

1 

i 

0 

0 

0 

2 

Total 

60 

44, 

36 

23 

7 

4 

10 

4 

188 


refrigeration, however, the tubes were immediately centri- 
fuged at 2,000 revolutions per minute for 20 minutes, after 
which the agglutinin titer could be read immediately, 

RESULTS 

Table I shows the agglutinin titers found on 
the 188 specimens of serum from the 44 patients 
with meningitis caused by group I meningococci 
to whom no antimeningococcic serum was given. 
All of the titers shown in the table were obtained 
with suspensions of group I meningococci, while 
a titer of zero was obtained with suspensions of 
group II alpha meningococci. In the case of 1 
patient, not shown in the table, the meningococci 
found in the spinal fluid were typed as group I, 
while a single specimen of serum taken on the 
twentieth day of the disease was positive in a 
titer of 1:1024 for group II alpha and negative 
for group I. 

It will be seen that during the first 5-day period 
after the onset of the meningitis the agglutinin 
titer was zero in the majority of instances. The 
titer for most patients rose considerably during 
the next 2 periods, being 1:64 or above in the 
majority of cases from the sixth through the 
tenth day and 1 ; 128 or above from the eleventh 
through the fifteenth day. Thereafter, the titer 
usually fell rather rapidly. In the period be- 
tween the sixteenth and twentieth days, in about 
half of the cases, the titer was 1:4 or less, while 
in the other half, the titer was still high, 1:64 
to 1:SI2. Except for 1 titer of 1:256 on the 
thirlioih day of the disease and 1 titer of 1 :2 on 
the thirty-fifth day, all agglutinin titers had 


returned to zero after the twenty-fifth day, and 
in these 2 cases a specimen of serum taken still 
later gave an agglutinin titer of zero. 

In Figure 1 the median agglutinin titers for 
each 5-day period are shown by solid circles, 
while the solid line represents the smoothed 
curve of the values which were obtained in all 
the patients with group I meningococcic menin- 
gitis in \vhom the day of the onset of the disease 
was known. The initial spinal fluid in all these 
patients was examined before treatment was 
begun, and the number of meningococci was 
counted in the average high-power field in a 
stained smear of the sediment after centrifuga- 
tion, If there were an average of 5 or more 
organisms per high-power field, these were 
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designated as “many” organisms. Wlicn 1 to 4 
diplococci were present, they were considered to 
be "few” in number, and if less than 1 diplococcus 
per high-power field was seen, organisms were 
said to be “rare.” From the figure it will be 
seen that, when “many” organisms were present 
in the initial spinal fluid, the agglutinin titers 
in the patient's serum usually rose to liigher 
levels and fell more slowly than when only a 
“few” organisms were present. When organ- 
isms were “rare” in the initial specimen, the 
maximal titer achieved was usually lower than in 
any of the other groups and the titer fell to 
zero sooner. 

We have not been able to correlate the ag- 
glutinin titers achieved with any other factor 
with which we have compared them, such as, the 
age of the patient, the presence or absence of a 
positive blood culture, the presence of complica- 
tions of the disease, the day of the disease on 
which specific treatment was begun, or the 
rapidity of response to specific treatment. Ag- 
glutinin titers were determined on 4 patients 
who subsequently died and who had group I 
meningococci in the spinal fluid. One of these 
had an agglutinin titer of 1:32 on the sixth day 
of the disease and died on the eighth day. The 
second had a titer of 1:64 on the fifth day and 
died on the seventh day. The third came in 
in coma so that the date of onset of his illness 
could not be ascertained. He had an agglu- 
tinin titer of 1:128 on the third day of his 
hospital stay and died on the following day. 
The fourth patient was also unable to give a 
history. He had no agglutinins on the second 
and third days of hospitalization and died on the 
third day. Apparently the height of the ag- 
glutinin titer is not related to the outcome of the 
disease, at least in patients receiving chemo- 
therapy. 

One patient, not included in Table I, had no 
g^ggjjjtinins on the fourth day of his disease. 
Because he was seriously ill, he was given 80 ml. 
of polyvalent antimeningococcic serum the same 
day. One hour later he had a titer of 1:64 
{qj* group I meningococci and none for II alpha. 
Eleven days later the titer for group I was 1 : 128 
and thereafter it gradually descended to 1:8 on 
the fifty-third day of the disease, when he was 
discharged. 


Specimens of serum for agglutination were 
obtained on 1 patient whose spinal fluid was 
found to contain group II alpha meningococci. 
He was admitted on the fourth day of the disease. 
Thirteen specimens of serum were obtained. 
Agglutinin titers with a suspension of group II 
alpha meningococci started at zero on the fourth 
day of his illness, slowly rose to 1:64 on the 
eleventh day, and fell to a titer of 1:4 on the 
nineteenth day when he was discharged from 
the hospital completely recovered. All agglu- 
tinin controls for group I meningococci were 
negative. 

It is of interest that among the 20 patients 
on whom 5 or more specimens of serum were 
tested, all had some agglutinins at one time or 
another. In 1 patient, the highest titer was 1:2; 
in another, it was 1:4; in 2 more, 1:8; while in 
all the others, the highest titer was 1 : 32 or more. 

TAm.E n 

AggltiHr.in liters in patients with meningitis clinically re- 
semhling tneningococcic mcnigitis or meningococcemia 
but from xvhom no meningococci were obtained 


AKRliitinfn 

Tests on patients with 
jneninEitis 

Tests on pa- 
tients with 
apparent 
meninso- 
coccemia 

titer 

Orfranisms 
seen on smear 

No orfranisms 
seen 

0 

23* 

19 1 

0 

1:2 

3* 

3 1 

0 

1:4 

2 

1 

1 

1:8 

2 

0 

0 

1:16 

0 

2 

I 0 

1:32 

1 

3 


1:64 

0 

1 

0 

1:128 

1 

3 

1 

1:256 

1 

0 

0 

1:512 

1 

2 

0 

Total number of 
tests 

34 

34 

2 


* Agglutinin titers all for group I (and zero for group I la) 
e.xcept in the case of one patient where they were positive 
for group I la and zero for group I. 


In Table II are shown the agglutinin titers 
in patients who had conditions clinically re- 
sembling meningococcic meningitis, or meningo- 
coccemia, although no organisms were cultured or 
typed from the spinal fluid or blood. In the sec- 
ond column are shown the tests done on patients 
with meningitis in whose spinal fluid gram- 
negative diplococci were seen, and in the third 
column, those done on patients whose spinal 
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fluid revealed no organisms. In the fourth col- 
umn are 2 tests done on the serum of patients 
with a disease clinically resembling meningo- 
coccemia whose blood cultures were negative. 

It will be seen that agglutinin titers at all levels 
up to 1:512 were obtained in these cases, and 
that there was no significant difference between 
the titers, whether organisms were seen in the 
spinal fluid or not. When a comparison is made 
with Table I, it is seen that there was a tendency 
for higher agglutinin titers to occur in the sera 
of patients from whom meningococci were cul- 
tured. Although the number of cases was not 
great enough to permit a valid comparison, we 
found that the titers in the patients who showed ' 
no organisms on smear and culture corre- 
sponded closely with the titers in the patients 
with rare or no organisms on smear but with 
positive cultures. 

DISCUSSION 

Because there has been no complete study of 
the rise, duration, and fall of agglutinin titers 
during the course of meningococcic meningitis, 
we have undertaken such a study by testing sera 
from 67 patients with this disease and 2 patients 
with an infection clinically resembling meningo- 
coccemia. Group I or group 1 1 alpha meningo- 
cocci were typed from the spinal fluid of 47 of 
these patients. Organisms morphologically re- 
sembling meningococci were seen in the spinal 
fluid of 10 additional patients, while in 10 
patients, the disease was diagnosed on clinical 
grounds alone. The agglutinins were specific 
for the group of meningococcus typed from 
the spinal fluid, except in 1 instance in which 
group 1 meningococci were found, while a 
single specimen of serum on the twentieth 
day of the disease showed an agglutinin titer of 
1:1024 for group II alpha and none for group I. 
We are unable to account for this discrepancy. 
Since the agglutination test was done several 
weeks after the patient was discharged from the 
hospital, we could not repeat the U'ping or secure 
other samples for agglutination. The agglutina- 
tion test was clear-cut in its results, so that, if a 
mistake was made, it may have been in the 
typing at the time of admission or in recording 
the results of the typing. 

When we considered only the patients with 


typed meningococcic meningitis in whom the 
day of onset was known, we found that the 
median agglutinin titer rose from zero in the first 
5-day period after the onset of the meningitis to 
1:64 and 1:128 in the second and third S-day 
periods, respectively. Thereafter the median 
titer fell until it reached zero between the tn^entj’’- 
fifth and thirtieth day, although in individual 
cases the titers remained elevated until as late 
as the fifty-third day of the disease. If we were 
to add the titers for the untyped cases to those 
of the typed group, the median values for all 
cases would remain the same. 

In a recent study (3) of agglutinins in patients 
with meningococcic meningitis, the first signifi- 
cant titers (1:30 or more by their technique) 
were found to occur on the seventh day of the 
disease and the last ones on the forty-ninth day. 
Titers went as high as 1:240 during the peak 
period , w'hich was stated to be around the twenty- 
first day. Our results were similar to these e.x- 
cept that the titers we obtained were higher in 
general, presumably due to the fact that the 
previous investigators used the usual heat- 
foilowed-by-refrigeration method. In the few 
cases which Thomas and his associates (1) report, 
the trend of agglutinin titers is also comparable 
with those that we have encountered. 

In general, agglutinins were found to rise to 
higher levels the greater the number of meningo- 
cocci found in the initial specimen of spinal fluid, 
and to be lowest when only a rare organism was 
present at the time of the first spinal puncture. 
It is interesting in this connection that the chance 
of recovery has been shown (4) to be inversely 
proportional to the number of organisms in this 
initial specimen of spinal fluid. Since only 4 
patients in the present group died, the agglutinin 
titer could not be related to prognosis, although 
it was obser\’ed that 3 of these patients had 
agglutinins in significantly high titers before 
death. The agglutinin response could not be 
correlated with any other factors that we were 
able to study. 

In view of the fact that most of our patients 
with meningitis showed a high titer of agglutinins 
at some time during the course of the disease, 
if a sufficient number of specimens were ex- 
amined, while, on the other hand, only 1 of the 
patients with other infectious diseases showed a 
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titer above 1 : 8, this test is obviously useful in 
detecting the presence of meningococcic infec- 
tions when organisms cannot be typed from the 
blood or spinal fluid. Certain investigators (5) 
have diagnosed meningococccmia from the clini- 
cal features of their cases plus the presence of 
agglutinins as demonstrated by the "thread 
test.” Since we have obtained a significantly 
high titer in one case of clinical meningococccmia 
and a suggestive titer in another, we would recom- 
mend that the centrifuge-agglutination test be 
employed when meningococccmia is suspected. 
From present evidence, titers above 1:64 or 
rising titers would confirm the clinical diagnosis 
of a meningococcic infection. 

SUMMARY AND CONCLUSIONS 

1. Two hundred and eighty-four specimens of 
serum from 69 patients with meningococcic 
meningitis or meningococccmia were c.\amincd 
for agglutinins by means of a test using centrifu- 
gation instead of the usual method of heating at 
37.5° C. followed by refrigeration. 

2. Agglutinin titers were specific for the group 
of meningococcus isolated from the spinal 
fluid of the patient except in one instance. 
The titers ranged from zero to 1:1024. The 
median titer in typed group I patients rose to 


1:128 for the period from the eleventh to the 
fifteenth day, inclusive, and fell to zero in the 
period between the twenty-fifth and thirtieth 
days. 

3. The median agglutinin titer rose to higher 
levels the greater the number of organisms 
present in the initial specimen of spinal fluid. 

4. The centrifugation-agglutination test is a 
simple, rapid, and efficient method which may 
be used to diagnose cases of meningococcic infec- 
tions where organisms cannot be cultured from 
the body fluids. 
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In contrast to other bacteria, staphylococci 
undergo lysis when allowed to multiply in the 
presence of bacteriostatic concentrations of 
penicillin. As noted previously (1), all peni- 
cillin sensitive strains are lysed, whereas insensi- 
tive strains resist this lytic action. The follow- 
ing observations clarify certain fundamental 
aspects of both lysis and bacteriostasis, and have 
important clinical as well as theoretical im- 
plications. 

EXPERIMENTAL 

The general methods have been described in detail 
elsewhere (1). For the present study, large inocula (10 
to 50 million organisms per ml.) of 100 penicillin-sensitive 
strains of Staph, aureus (coagulase positive), isolated from 
patients with furuncles, abscesses, or osteomyelitis, were 

‘ The penicillin was provided by the Office of Scientific 
Research and Development from supplies assigned by the 
Committee on Medical Research for experimental investi- 
gations recommended by the Committee on Chemothera- 
peutics and Other Agents of the National Research Council. 


added to tubes containing synthetic medium plus the 
following concentrations of penicillin, 0.1, 1.0, 10, and 
100 U. per ml., and growth was measured turbidimetrically 
at various intervals for from 3 to 7 days. With 10 of the 
strains, plate counts were made from each tube daily for 
3 days, and further tests of viability of the organisms were 
carried out after 7 days. 

In addition, 8 strains of penicillin-resistant staphylococci 
obtained from clinical sources were tested by the serial 
dilution technic (2), as well as by the above method, in an 
attempt to correlate resistance with lysis and bacteriostasis. 

RESULTS 

A tj^pical lysis experiment is shown graphically 
in Figure 1. With 0.1 U. per ml. of penicillin 
there was greater initial growth than with the 
higher concentrations. This was followed by 
rapid lysis, so that, after 24 hours, the tube con- 
taining 0.1 U. per ml. was much less turbid 
than those with 1.0, 10, and 100 U. per ml. of 
penicillin. This phenomenon, which occurred 
with each of the 100 strains, was so striking that 



Fig. 1. Growth .^nd Lysis or a Str.si.v of Staphylococcus aureus Meascffd 

T CKniDIMETRICMXY 

The corretition l>ctwccn penicillin concentration and degree and rate cif i?: 
clc'.irly dcmonsiratcxl. 


165 




166 


WILLIAM M. M. KIRBY 


TABLE I 

Results of plate counts in a typical lysis experiment 
Fewer viable organisms were present with 0.1 U. per ml. 
tl^an with 100 U. per ml. of penicillin. X = too many 
colonies to count accurately. 



io-» 

to-4 

1 

io-‘ 

io-« 

24 hours 





Control 

X 

X 

X 

810 

0.1 U. per ml. 

X 

X 

200 

28 

100 U. per ml. 

X 

X 

684 

79 

48 hours 





Control 

X 

X 

X 

540 

0.1 U. per ml. 

X 

42 

3 

0 

100 U. per ml. 

X 

600 

43 

2 

72 hours 





Control 

X 

X 

X 

500 

0.1 U. per ml. 

21 

16 

1 

0 

100 U. per ml. 

594 

40 

20 

0 


it could be readily observed grossly by holding 
the tubes up to the light. After 24 hours, there 
was gradual lysis in all the tubes containing 
penicillin, the rate now faster with the higher 
concentrations, so that after 5 days, turbidities 
in all the tubes were about the same. 

Lysis was closely correlated with destruction 
of bacteria. Many more viable organisms were 
present after 24 hours with 100 U. per ml. than 
with 0.1 U. per ml., and during the ne.xt 72 


hours, there was a decrease with both concentra- 
tions, the count failing rapidly with 100 U. per 
ml. as lysis occurred. Results of plate counts 
with a representative strain are presented in 
Table I. Even after a week, viable organisms 
could always be recovered from each tube, but 
this prolonged incubation was in no instance 
associated with a demonstrable development of 
penicillin resistance. 

With a vcr>' heav>' inoculum (optical density 
0.4), similar results were obtained (Figure 2). 
Lysis occurred more slowly, but its relation to 
the concentration of penicillin was the same as 
with the smaller inoculum. 

With 3 strains obtained from blood cultures, 
there was a secondary growth in the tube con- 
taining 0.1 U. per ml. (represented by a broken 
line in Figure 1). This occurred after 48 hours’ 
incubation; i.c., after a large percentage of the 
organisms had undergone rapid lysis. The 
staphylococci now present were highly resistant, 
growing lu.xuriantly without lysis in the presence 
of 100 U. per ml. of penicillin. 

These resistant organisms, plus 5 naturally 
occurring resistant strains, all responded to the 
above lysis test in the same manner; a typical 
example is shown in Figure 3. No lysis oc- 



Fig. 2. The Same as Fig. 1, Using a Much Larger Inoculum 
L ysis occurred more slowly, but the relation to penicillin concentration was 
the same as with the smaller inoculum. 
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Fig. 3. Growth of a Penicillin-Resistant Staphylococcus in the 
Presence of Penicillin 

Lysis did not occur, but a marked bacteriostatic action was exerted by the 
penicillin. 


curred, but there was a marked bacteriostatic 
action exerted by the penicillin. As the organ- 
isms multiplied and destroyed the penicillin, 
they gradually overcame the bacteriostatic ac- 
tion, so that, after 24 hours, growth was equal 
to that of the control. The results with all 8 
strains are presented in Table II, and contrasted 
with two sensitive strains in which there was 
lysis by 0.1 U. per ml. 

The results of the Rammelkamp dilution test 


are also presented in Table II. With all but 
2 of the 8 resistant strains, there was a failure 
to recover viable organisms in penicillin concen- 
trations of 5 U. per ml., or less, after 24 hours. 

COMMENT 

A striking correlation between the concentra- 
tion of penicillin and the degree and rate of 
lysis was demonstrated in these experiments. 
Within limits, lysis was more complete and oc- 


TABLE II 


Results of turbidimetric {inoculum 10 million organisms per ml.) and dilution (inoculum 1000 organisms per ml.) 
tests with 2 sensitive and 8 resistant strains of S. aureus 
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curred more rapidly with smaller than with 
larger concentrations, presumably because of 
the greater initial growth of the organisms with 
smaller concentrations. In other words, the 
greater the initial growth of the organisms in the 
presence of a bacteriostatic concentration of 
penicillin, the more rapid their destruction. It 
is of interest that the concentration of penicillin 
causing the most rapid Ij^sis, 0.1 U. per ml., is in 
the range obtained clinically in the blood stream, 
especially with the continuous intravenous 
method of administration. A further point of 
clinical interest is the effect of the lysed cellular 
elements upon the patient. The prolonged high 
fever and toxicity in cases of staphylococcus 
sepsis as opposed to those caused by pneumo- 
cocci or hemolytic streptococci may be in part 
due to substances liberated by the lysis of large 
numbers of staphylococci. 

The outgrowth of highly'' resistant staphylo- 
cocci in 0.1 U. per ml. of penicillin suggests the 
presence in the culture of a few resistant bacteria 
which could not multiply rapidly until the ma- 
jority of the sensitive organisms had been lysed. 
This suggestion is supported by the obseri'ation 
of the Oxford group that artificially induced 
resistance of staphylococci is associated with a 
diminished velocity of growth (3). Virulence 
of the resistant organisms has not been investi- 
gated. The clinical implications of this observ’^a- 
tion are not clear, but it is worth noting that, 
in one instance, the secondary outgrowth of 
resistant staphylococci occurred in the culture 
from a patient with osteomyelitis whose response 
to penicillin was unsatisfactory. 

These resistant staphylococci have been found 
to produce an intracellular penicillin inactivator 
(4) in contrast to sensitive strains which pro- 
duced no such penicillin-destroying substance. 
The properties of this penicillin inhibitor have 
been described (5) and it has been added to rou- 
. tine culture media to inactivate penicillin present 
in specimens obtained from patients under 
treatment (6). 

In the present experiments with resistant 
staphylococci, resistance to lysis and resistance 
to bacteriostasis have been clearly differentiated. 
In Figure 3, for example, penicillin exerted a 
marked bacteriostatic action on the organisms, 
although lysis did not occur. At the end of 24 


hours, growth in the presence of penicillin was 
equal to that of the controls; a single observa- 
tion made at this time would have conveyed the 
impression that this strain of 5. aureus was “com- 
pletely resistant" to the bacteriostatic action of 
penicillin, when such was actually not the case. 
The dilution tests, summarized in Table III, 
demonstrated a further important point in re- 
gard to the size of the inoculum. With a small 
inoculum (1000 to 30,000 organisms per ml.), 
viable organisms could not be recovered in most 
instances after 24 hours with penicillin concen- 
trations of 5 U. per ml. or less, whereas there was 
luxuriant growth in the presence of 100 U. per 
ml. with the large inoculum (10 million organ- 
isms per ml.) used for the turbidimetric test. 
This was apparently due to the inability of the 
smaller number of bacteria to multiply a suffi- 
cient number of times to destroy even relatively 
small concentrations of penicillin. It is evident 
then that resistance is a relative matter. Re- 
sistant organisms produce a penicillin destroying 
substance, but are themselves susceptible to the 
bacteriostatic action of penicillin, and will not 
sundve unless they are present in sufficient 
numbers to inactivate the penicillin with which 
they are in contact. This concept should be 
borne in mind in performing and interpreting 
tests designed to determine the sensitivity of 
staphylococci to penicillin. 

The importance of the size of the inoculum is 
also demonstrated by the experiments with 
sensitive staphylococci. With the large inocu- 
lum used for the turbidimetric tests, viable 
organisms were recovered after 7 days' incuba- 
tion in the presence of 100 U. per ml., while the 
small number of bacteria employed for the dilu- 
tion test were killed within 24 hours by less than 

0.1 U. per ml. Thus- the statement that the 
action of penicillin is “only influenced to a minor 
extent by the number of bacteria to be inhibited” 
(3) must be accepted with definite reservations. 

SUMMARY 

1. I 7 i vitro studies of the action of penicillin 
on 100 sensitive and 8 resistant strains of S. 
aureus are reported. 

2. A striking correlation Avas found between 
the concentration of penicillin and the degree 
and rate of lysis of sensitive organisms. 
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3. In 3 instances, there was a secondary out- 
growth of highly resistant staphylococci follow- 
ing the initial rapid lysis of sensitive organisms. 

4. Penicillin-resistant organisms were sus- 
ceptible to the bacteriostatic action of penicillin, 
but overcame this action by destroying the 
penicillin when present in sufficient numbers. 
When present in insufficient numbers, they suc- 
cumbed to the action of penicillin in the same 
manner as sensitive staphylococci. 

5. The size of the inoculum was found to have 
an important bearing on the results of sensitivity 
tests, both with sensitive and resistant staphylo- 
cocci. 

I am indebted to Mrs. Mary Wolohan for .technical 
assistance. 
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An enzyme-like substance capable of destroy- 
ing penicillin was produced from E. coli and 
certain other saprophytic and commensal bac- 
teria in 1940 (1), but attempts to extract a 
penicillin inactivator from sensitive or resistant 
staphylococci were unsuccessful (2). More re- 
cently, acetone-ether extracts of para-colon bacilli 
which were more effective penicillin inhibitors 
than were extracts of E. coli were prepared (3). 

In this country, it was found (4) that Clarase, 
a diastatic enzyme preparation, readily de- 
stroyed penicillin, and this substance is now 
used widely for sterility tests during penicillin 
production. Apparently, the ability to in- 
activate penicillin is possessed by only certain 
lots of Clarase (5), and this action is attributed 
in a later publication (6) to the presence of 
bacterial products, especially of B. subtilis and 
related gram-positive organisms. 

A penicillin -destroying staphylococcus has 
been found contaminating a culture of Asper- 
gillus flavus (7), and independently, in this 
laboratory, a highly potent penicillin inactivator 
has been extracted from penicillin-resistant 
staphylococci obtained from clinical sources (8). 
Details of the extraction and properties of this 
substance are presented in the present paper. 

DESCRIPTION OF RESISTANT STAPHYLOCOCCI 

During a study of several hundred strains of 
staphylococci isolated from patients (9, 10), a 
few were found which were completely resistant 
to the lytic action of penicillin; 5 of these were 
selected for the present study. Two additional 
strains were cultured from a secondary out- 
growth of highly resistant staphylococci following 


* The penicillin was provided by the Office of Scientjfic 
Research and Development from supplies assigned by the 
Committee on Medical Research for expenm^tal mvesti- 
gations recommended by the Committee on. era 

peutics and Other Agents of the National Research Council. 


the lysis of susceptible organisms by 0.1 U. per 
ml. of penicillin (9). All 7 strains produced 
yellow pigment, and there were no abnormalities 
of growth or colony characteristics. Details of 
the sensitivity tests have been described else- 
where (9, 10). 

METHOD OF EXTRACTION 

The .acetone-cthcr method of Harper (3), devised for the 
para-colon bacillus, was equally satisfactorj' for the 
staphylococcus. Twenty-four-hour plate cultures were 
w-ashed with a minimum of saline and precipitated with 7 
volumes of acetone. After standing 2 hours, the precipi- 
tate was treated with a fresh supply of acetone for an hour, 
washed with 2 changes of ether, and dried in the anaerobic 
jar. During extraction, the coarse precipitate was crushed 
repeatedly with a glass rod to insure maximum contact 
between the acetone and the organisms. The fine dried 
powder was stored in a desiccator at room temperature, 

MEASUREMENT OF PENICILLIN INACTIVATION 

The powder was suspended in broth, usually in a 
concentration of 1 mgm. per ml. The ability of various 
amounts of this suspension to inactivate penicillin was 
measured by recording tlie growth of a Group A hemolytic 
streptococcus which was inhibited by less than 0.05 U. 
per ml, of penicillin. To tubes containing the powder and 
a heavy inoculum (about one million organisms per ml.) 
of the test bacterium, penicillin was added in concentra- 
tions of 0.1, 1.0, 5.0, and 10.0 U. per ml., and optical 
densities (turbidities) were measured every few hours on 
a Coleman universal spectrophotometer during 24 hours, 
incubation. The exact amounts of broth, penicillin, etc.. 


TABLE 1 

Outline of test for measurement of penicillin inactivation 


Tube 

Broth plus 
hemolytic 
streptococcus 

i 

1 

Penicillin | 

i 

1 

Penidl- ! 
Jinase j 

Sterile 

broth 


i 

ml. 

J.O V. per ml. 

1 mgm. 
per mi. 


1 

10 

0 

0 

0 

2 

9 

1 ml. 

0 

0 

3 

8 

1 ml. 

1 ml. 

0 

4 

8 

1 ml. 

1 ml. 

0 

5 

8 

I ml. 

1 mi. 

- 0 

6 

8 

1 ml. 

1 ml. 

0 

7 

0 

0 

1 ml. 

9 
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are listed in Table I. The results of a typical experiment 
are presented in Figure I. 

Penicillin was destroyed gradually, with the 
length of time required for complete destruction 
roughly proportional to the amount of penicillin 
present. One hundred units were completely 
destroyed by 1 mgm. of the powder within 6 to 8 
hours. By decreasing the amount of powder, 
it was found that 0.6 mgm. would cause complete 
destruction of 100 units of penicillin in 24 hours, 
whereas 0.4 mgm. would not (Figure 2). 

Using this arbitrary endpoint, it could be said 
that 1 mgm. of the powder would destroy 167 
units within 24 hours. Although there were 
some variations, this same high degree of 
potency was shown by the extracts of all 7 
resistant strains. 

Penicillin sensitive staphylococci were ex- 
tracted and tested in the same manner. Ex- 
tracts of 7 strains, isolated from blood cultures 
of patients with acute infections, all failed to 
cause any demonstrable inactivation of peni- 
cillin, even with 2 mgm. of the powder and only 
1 unit of penicillin. 


PROPERTIES OF THE PENICILLIN-DESTROYING 
SUBSTANCE 

Heat stability. Broth suspensions of the 
powder could be kept in the incubator (37° C.) 
for at least 48 hours, or at room temperature for 
several weeks with no detectable diminution in 
their ability to destroy penicillin. At 56° C., 
however, the ability- to inactivate penicillin was 
completely lost in 5 minutes or less. 

Rate of destruction of penicillin at different 
temperatures. Broth suspensions of the powder 
(1 mgm.) and penicillin (100 units) were left at 
2° C., 22° C., and 37° C. for 2, 3, 4, and 5 hours, 
and then tested for penicillin destruction in the 
usual manner. In every instance, growth of the 
test organism occurred at the same rate for the 
mixtures left at 2° C., 22° C., and 37° C. after 
any given time interval, indicating that peni- 
cillin was destroyed as rapidly at 2° C. as it was 
at room temperature or in the incubator. 

Nature of penicillin inactivation. The follow- 
ing e.xperiment was performed to determine 
whether penicillin was actually destroyed, or 
whether it merely entered into a chemical com- 



Fig. 1. DrsTRCCTiON or Variocs Avoi'nts or Pf;v)ciu.iN nv 1 or 
Tnr. ST.Aritvi.ococo:s Extract 
Complete dc^imction U ir.dicvtcd by pro'a'ih of the 
inhibited by 0.05 U. per. ml. of peniollin. 





172 


WILLIAM M. M. KIRBY 



Fig. 2. Isactivatios of Penicillin' nv 0.4 xig-m. of the Dried Powder 

Fifty units were destroyed, wlicreas 100 were not, giving an arbitrarj' endpoint 
for titrating the potency of the powder. 


bination with some constituent of the bacterial 
e.\'tract. One mgm. of the dried powder was 
added to 100 units of penicillin, and left at room 
temperature overnight. The ne.\t morning the 
mixture was placed in a 56° C. waterbath for 15 
minutes to destroy the penicillin inactivator. 
The solution was then tested for penicillin, and 
none could be demonstrated. Fifteen minutes 
at 56° C. caused no loss of potency of a control 
sample of penicillin. This suggests that the 
penicillin was actually destroyed, although the 
possibility of a chemical combination not dis- 
rupted by heat cannot be definitely excluded. 
The observation that penicillin could not be ex- 
tracted with amyl acetate after inactivation by 
penicillinase is further evidence in favor of 
actual penicillin destruction (3). 

Pc 7 iicilliti incLctivdtion by living cultuTss. 
Growth of resistant staphylococci in the pres- 
ence of penicillin was associated with destruction 
of the penicillin. During this destruction, defi- 
nite bacteriostasis occurred but the organisms 
resisted lysis and multiplied so that after 24 
hours, growth was equal to that of controls con- 
taining no penicillin. This is illustrated in 
Table II. Complete destruction of penicillin 


was confirmed by testing Seitz filtrates of the 
culture fluid for penicillin; none was present. 

Seitz filtrates of cultures of penicillin-resistant 
staphylococci or of broth suspensions of the 
powdered extract did not destroy penicillin; i.e., 
the penicillin was intracellular, and did not pass 
out into the culture fluid. 

COMPARISON WITH CLARASE 

In contrast to the staphylococcus extract, 
Clarase (lot. No. 1351) was dissolved in phos- 
phate buffer at pH 7, and the penicillin inactiva- 

TABLE n 

Turbidimevfrically recorded growth of a 
pejticilUtt-resisiant S. aureus 

Although there was definite bacteriostasis, the penicillin 
was destroyed and growth after 24 hours was equal to that 
of the control. Turbidity is expressed in terms of optical 
density. 


Penicillin 

Hours 

0 

\, 

4 

6 

1 

0 

0.168 

0.57 

0.745 

i 0.77 

10 U. per ml. 

0.168 

0.376 

0.52 

t 0.77 

100 U. per ml. 

0.168 

0.285 

0.376 

i 0.77 

i 
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tor passed readily through a Seitz filter. Ability 
to destroy penicillin was tested in the manner 
described for the dried powder. Using a 1 per 
cent solution of Clarase, destruction of - 100 units 
of penicillin by 0.6 ml. (6 mgm.) was equivalent 
to 0.6 mgm. of the staphylococcus extract; i.e., in 
terms of weight of the original powder, the 
staphylococcus extract was 10 times as potent as 
Clarase. With equivalent quantities, the rate 
of destruction of penicillin at 2° C., 22° C., and 
37° C., was identical with both substances. 
Clarase was quite stable at room and incubator 
temperatures and was more stable at 56° C. 
than the staphylococcus extract, actmty being 
only partially destroyed by exposure to that 
temperature for 30 minutes. 

DISCUSSION 

A highly potent penicillin inactivator has been 
extracted from 7 strains of 5. aureus which 
were naturally resistant to penicillin; 7 sensitive 
strains did not produce a penicillin-destroying 
substance. The resistant bacteria were not 
lysed, but were by no means completely resistant 
to the bacteriostatic action of penicillin, as 
indicated in Table II. This differentiation be- 
tween resistance to lysis and resistance to bac- 
teriostasis is discussed elsewhere (10). 

It is of fundamental importance to determine 


whether the several penicillin inactivators so far 
described are identical, or whether penicillin can 
be destroyed by substances whose chemical 
structures are unrelated. Properties of the 
known penicillin inactivators are summarized in 
Table III. Presumably they are all products of 
bacterial metabolism, but whether they are 
produced by -all penicillin-resistant organisms 
has not yet been definitely determined. The 
differences in properties are relatively superficial, 
and possibly largely due to differences in tech- 
nical methods. Further chemical studies are 
necessary for final clarification. 

Resistant staphylococcus extracts were 10 
times as effective as Clarase in their ability to 
destroy penicillin, but since the potency of Clarase 
is presumably due to the presence of unknown 
amounts of bacterial products, no exact com- 
parison could be made. 

Penicillin inactivatqrs are used for sterility 
tests, and for cultures from patients receiving 
penicillin. A brief description of the technic 
and results of the addition of staphylococcus e.x- 
tracts to culture media has been published else- 
where (11). 

The presence of a penicillin inactivator in e.x- 
tracts of resistant but not of sensitive staphylo- 
cocci is of interest in connection with the recent 
observation (12) that the development of sul- 
fonamide-resistant strains of staphylococci is 


TABLE in 

Summary of the properties of the known penicillin inaclivators 


Source 

1 Apparent 

1 ability to 
inactivate 
penicillin 

' Heat 

^lability 

Destruction 
of pcnfciilin | 

by livinc i 

cultures ] 

Prc'cnce of 
inactivator | 
in culture i 
fluid ! 

Rate of penicillin 
de«truction at 2* C.. 
21'* Cw and 37= C. 

E. coli 

(.•\brah.im and Chain) 

+ 

Destroyed by 90’ C. for 

5 min. 

i 

Partial 

(Harper) 

-Absent 

Slo-a-er at 25’ C. 
tlian 37’ C. 

Unidentified gram- 


Not known 

Indefinite 

Present 

Not known 

(Abr.aham and Cliain) 

a. i 

‘ 1 





Paracolon i 

(H.irper) 

i 

No destruction at 50’ C. 
for 30 min. 

Complete 

Present 

Not known 

Clara.'c 

(I-aivrencc) 


r*Tri52l dcsirucuon at 

56® C. for 50 min. 


Present 

Same tviih all tcrri' 
per.! turcs 

Staphylococcus 

(McKcc, Rake, and Houck) 

Indefinite 

Not known 

.At least partbl 

t 

Not known 

Sl.-iphvlococcu! 

(Kirby) 


Complete destruction at 
56® C. for 5 min. 

Complete 

i 

... .... 1 

i 

jicruturcf. 
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related quantitatively to the production of para- 
aminobenxoic acid. The evidence is too incom- 
plete to suggest the possibility of competitive 
enziane systems as a basis for the c.vplariation of 
the mode of action of penicillin, but the analogy 
is striking. Unfortunately, staphylococci made 
resistant in vitro have not been tested in this 
laboratorN”^ for penicillin inactivation. There is 
a need for refined methods of c.vtraction to 
search for the presence of penicillin inhibitors in 
sensitive staphylococci, as well as for intensiv'c 
study of the chemical nature of the inhibitors 
themselves. It seems not unreasonable to sup- 
pose that, as with the sulfonamides, a more 
fundamental understanding of the mode of 
action of penicillin will come as a result of a 
study of its inhibitors. 

SUMMARY 

A penicillin inactivator has been e.vtracted 
from 7 strains of penicillin resistant Staphylo- 
coccus aureus obtained from clinical sources; 7 
sensitive strains did not produce a penicillin- 
destroying substance. Properties of the peni- 
cillin inactivator are described, and its relation 
to other inhibitors and to the mode of action of 
penicillin in general is considered. 

I am indebted to Mrs. Mary Wolohan for technical 
assistance. 
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INTRODUCTION 

During the past 10 years, the clinical and 
roentgenographic features of primary atypical 
pneumonia have been the subject of numerous 
reports (1, 2). Sufficient data have accumu- 
lated to establish this disease as a definite clinical 
entity, distinct from the usual forms of bacterial 
pneumonia. Etiological studies, conducted in 
many laboratories, have yielded divergent re- 
sults, although in some instances filtrable agents 
have been isolated (3). Laboratory investiga- 
tions to date have been restricted considerably 
because of the lack of a uniformly susceptible 
animal host. At the present time, identity of the 
infectious agent, the mode of transmission, and 
nature of communicability of the disease piust be 
considered unknown. 

The purpose of this communication is to 
report the results of a preliminary experiment 
conducted in human volunteers inoculated with 
respiratory tract secretions of patients ill with 
primary atypical pneumonia. The principal ob- 
jective of the study was to obtain data concem- 

* This investigation was supported through the Commis- 
sion on Acute Respiratory Diseases, Board for the Investi- 
gation and Control of Influenza and Other Epidemic 
Diseases in the Army, Preventive Medicine Service, 
Office of The Surgeon General, United States Army, and 
by grants from the Commonwealth Fund, the \V. K. 
Kellogg Foundation, the John and Mary R. Marklc 
Foundation, and the Intcrnationai Health Division of the 
Rockefeller Foundation to the Board for the Investigation 
and Control of Influenza and Other Epidemic Diseases for 
the Commission on Acute Respiratoty Diseases. 
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T. J. Aberncthy, Major, M.C., A.VS.; G. F. Badger, 
Captain, M.C., A.VS.; j. \V. Beaid, M.D.; N. L. Crcss>-. 
Major, M.C., A.U.S.; A. E. Feller, M.D.; A. D. Langmuir, 
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Strauss, Captain, M.C., A.VS.; and Hugh TaUock, Ut 
Lieutenant, M.C, A.VS., National Rescan* CbunaT 
Fellow. 


ing the transmissibility of the disease in the 
natural host. 

METHODS AND MATERIAI.S 

Site of experiment. The study was conducted at a 
Civilian Public Service camp near Gatlinbuig, Tennessee, 
in the Great Smoky National Park. A group of buildings, 
formerly used by the Civilian Conservation Corps, pro- 
vided facilities for accommodating approximately 140 men. 
A small infirmary, apart from the main dormitories and 
normally equipped to care for 9 patients, was used to 
house the volunteers. 

Subjects. All of the men were conscientious objectors 
who had volunteered for the experiment. From a group 
of 23 men, IS were selected, after careful clinical, bacterio- 
logical, and roentgenographic study, as suitable for inocu- 
lation. An additional group of 16 volunteers was chosen 
for the purpose of observing the patterns of respiratory 
illness at the camp during the conduct of the experiment. 

Isolation. The facilities of the infirmary prevented 
strict isolation of each individual in the inoculated group. 
Twelve men were quartered in double-decked bunks in 
one large room, 2 men shared a room of moderate size, 
and 1 individual occupied a single room. The members 
of the entire group were in dose contact with each other 
at all times. They shared a common lavatory. TTie men 
were allowed restricted out-of-door recreational privileges, 
but had no immediate personal contact m'th the other 
campers nor were they allowed to enter other buildings. 
The attending physicians and assistants wore gowns and 
masks when in contact with subjects in the infirmary. 

The non-inoculated group of 16 men pursued their 
normal duties in or around the camp, lived in the common 
dormitories, shared the common mess hall, and Rvre in 
normal contact with their fellows, but were not allowed 
furloughs. 

Observation of non-inoculated group. This group of 16 
men was observed 3 times weekly lor evidences of respira- 
tory disease, at which time a history of the presence and 
severity of certain constitutional and localizing respiratory' 
symptoms was made. Significant phy-sical signs were 
recorded. Roentgenograms of the dicst *erc taken 
weekly throughout the cipcrimeat. Throat cultures srerc 
taken on each man prior to and during the study. A 
difTcrentia! and toul leukocyte count was also nude at the 
beginning of the study. Sera were obtained from eadr 
man prior to and at the end of the eaeperiment for the 
purpose of serological tests. 
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COMMISSION' OX ACUTK P.r.SI'IUATOKY DISKASI.S 


TAHU', ! 


Clinical and lahoralory data on patients from •vlwm specimens were ordained 


P.aticnt 

I.obci! involved 

1 Si»Tiltiril 


1 

Day of (Il''e.i‘ir 

i 

Type* 

Day of 
flistrai'' 
obtained 

Cold 

nczliitinin 

titer 

Strep. (Rocke- 
feller Xo. 3 tf) 
nitclutinin titer 

A. N. 

L.L. 

■1 

T.W. 

5 

8 

10 





8 

S 

10 



1 


16 

~t 

40 

M. F. 

L.L. 

3 

T.W. 

! 3 

16 

20 


1 

j 

Sp. 

' 10 

512 

10 



1 


18 

1 

20 

\V. K. 

R.U., R.M., 

! 

T.W. 

^ ! 

0 

20 


1 R.L., L.L., 

1 


15 

512 

10 





2f) 

256 

20 

L. R. 

R.U., R.M.. 

3 

T.W. 

3 


20 


R.L. 



17 


40 





26 


20 

R. M. 

R.L. 

3 

T.W. 

3 

hMilMiliil 

20 

i 




s 


20 

R. D. 

R.L., L.L. 

13 

T.W. 

12 

256 

20 





21 

4,096 

20 





32 

256 

20 

R. S. 

L.U., L.L., 

12 

T.W. 

3 

■mi 

10 


R.U., R.L. 


Sp. 

12 


40 





19 

■Bl 
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* T.W. = Throat Washings; Sp. = Sputum. 


t — = Test not done. 


Inocula. Throat washings and sputa were collected 
from 7 patients admitted to the wards of the Regional 
Hospital, Fort Bragg, during the previous 4 months 
(Table I). Each of these patients was ill with the char- 
acteristic syndrome of primary atypical pneumonia (Ig), 
confirmed by roentgenogram. Five of the 7 patients 
developed “cold agglutinins” in their sera during the course 
of the disease. Specimens were collected from 4 patients 
on the third day of the disease; in the remaining 3 cases, 
collections were made on the fourth, twelfth, and thirteenth 
days, respectively, during which time the patients were 
severely ill. Immediately after collection, the specimens 
were placed in lusteroid tubes and frozen in a carbon 
dioxide ice-alcohol bath. They were stored at -72° C. 
until ready for use. 

Roentgenograms. The standard U. S. Army portable 
Picker field x-ray unit, equipped with gasoline-driven 
generator, was employed in taking all chest films. All 
exposures were made with the subject in the upright 
position and at a distance of 72 inches for M second, using 
intensifying screens. Processing of all exposed films was 
accomplished at the camp by the use of the standard 
U. S. Army Developing Unit. 

Cold agglutinins. Tests to determine the presence of 
cold agglutinins were performed on the sera of all patients, 
both in the inoculated and non-inoculated groups (4), A 


modification of the technique originally advanced by 
Peterson, Ham, and Finland (5) was employed. The 
blood was allowed to clot at room temperature and the 
scrum separated by centrifugation. Sera were then stored 
at 4° C. until ready for use. Serial 2-fold dilutions of 
serum in physiological salt solution were made in 0.5 ml. 
volume in Wassermann tubes; the final dilution in the 
first tube was 1 : 4. One half (0.5) ml. of 0.2 per cent 
washed Group 0 human cells (not over 24 hours old) was 
then added to each tube. The tubes were shaken vigor- 
ouslj' and kept overnight at 4° C. Readings were made 
immediately upon removal of the tubes from the icebox. 
Only positive tests which failed to persist after the tubes 
had stood at room temperature for 1 hour were accepted. 
Titers of 1 : 32 or higher were considered significant. 

Agglutination tests. The sera of all individuals, both in 
the inoculated and non-inoculated groups, were tested for 
the presence of agglutinins to an indifferent streptococcus. 
The strains employed were Rockefeller No. 344,’ as well 
as 19 individual strains isolated from throat washings and 
sputum obtained from both donors and recipients of the 
inoculum. The technique employed was that described 
by Thomas et al. (6). 

® This strain was kindly supplied by Dr. Frank L. 
Horsfall, Jr. 



















































EXPERIMENTAL TRANSMISSION OF ATYPICAL PNEUMONIA 


In 


PRELIMINARY STUDIES 

Epidemiology. Prior to the inoculation of volunteers, a' 
brief epidemiological survey of the camp was made. The 
purpose of this survey w'as to determine the incidence of 
respiratory illnesses during the 12-month period preceding 
the initiation of the experiment, to secure evidence of the 
existence of primary atypical pneumonia at the camp, and 
to collect data regarding illnesses which had occurred 
among the men who volunteered for the experiment. 

Tabulation of the monthly incidence of respiratory 
illnesses at the camp from October 1, 1942, to August 31, 
1943, and during the time the experiment was in progress, 
showed the expected seasonal variations. The majority of 
these illnesses were short in duration and mild in nature, 
and simulated the common cold. Only a small proportion 
required infirmary care, and then usually for less than 1 
week. No definite evidence could be found that atypical 
pneumonia had existed at the camp prior to the initiation 
of the experiment, although in some individuals the 
disease may have been present and unrecognized for lack 
of roentgenographic study. The illness in one patient 
may have been significant; he had had a chronic cough 
for several weeks and a single roentgenogram was inter- 
preted as showing “pneumonitis and questionable bronchi- 
ectasis.” 

Roentgenographic survey. As an adjunct to the above 
study, a roentgenographic survey was undertaken at the 
camp immediately prior to the experiment. Single films 
of the chest were taken on 123 individuals who were either 
members of the camp or closely identified with its adminis- 
tration. In no instance was an infiltrative lesion char- 
acteristic of atypical pneumonia encountered. 

EXPERIMENTAL STUDY 

Prior to inoculation, the 15 volunteers were segregated 
in the camp infirmary. Over a pxiriod of 5 days (October 
3 to 8, 1943), each volunteer was examined daily and 
careful note was made of the development of any respira- 
tor>’ symptoms. The oral temperature and the pulse rate 
were recorded at 4-hour intervals, daily; the respiratory 
rate was taken twice, daily. During this period, a throat 
culture, bleeding, complete blood count, urinalysis, and 
roentgenogram were performed on each paUent. Twelve 
individuals experienced no respiratoi->' symptoms during 
this period of preliminar>- obseiwation; 3 individuals 
deve!op>cd respiratory illnesses as follows: 

T. W. on October 4 noted headache, sneezing, slight 
soreness of nasopharj-nx, hoarseness, and dry cough. 
Physical c.xamination was essentially negative. On 
October 6. coryza, nasal obstruction, and discharge were 
more evident. Symptoms of a mild respiratory illness 
without fever or significant physical signs continued for 
approvimately 10 days. He was not inoculated but was 
not removed from the cxpvzrimcntal group. 

D. M. dcvclojoed symptoms and signs of a mild afebrile 
respiratory infection 36 hours .after entering tlic inrlrmarv. 
The principi'.l symptoms were those cf coryza. No signifi- 
cant pi’n-'ical signs wr.-e .apparent, fly Ozto’xrr 10. he 


was considerably improved and received 1 day’s inocula- 
tions. 

V. M. noted sneezing, dryness of the nasopharynx, and 
sore throat on October 6, 3 days after entry into the 
infirmary. Symptoms and signs of a mild infection of the 
upper nasal passages continued for 1" week. The patient 
remained afebrile throughout. He was not inoculated but 
was kept in the e.xperimental group. 

The illnesses of these 3 individuals complicated the 
experiment considerably. These infections were mild in 
nature, however, and similar in their manifestations to 
infections occurring simultaneously in other campers. 
None of the 3 men developed roentgenographic evidence 
of pulmonary infiltration at this time or subsequently. 

Notwithstanding the development of these minor 
illnesses, the inoculations were given to the other 12 
volunteers over a period of 3 days (October 8 to 10). 
Each patient received an inoculation of unfiltered throat 
washings (in meat-infusion broth or Ringer’s solution) as 
well as a pool of unfiltered throat washings and sputa 
intranasally and by inhalation, 3 times daily, for 3 con- 
secutive days. The intranasal inoculations were given 
with the aid of a standard nasal atomizer. The inhalation 
of inoculum was accomplished by the use of a nebulizer* 
which emitted a fine cloud of vapor. Patients were 
instructed to inhale deeply 50 times as the mouth of the 
nebulizer was held below the soft palate. With each 
inhalation, the fine vapor of inoculum could be seen being 
sucked downward toward the lower respiratory tract. 
Immediately following the separate inoculations, patients 
reclined in the supine position with the head extended 
slightly, for a period of 15 minutes. Each of the 12 
patients received the full course of inoculations in an 
identical manner, and approximately 8 ml. were given to 
each man. One additional volunteer (D. M.) was given 
1 day’s inoculation, totaling 2.5 ml. 

During the post-inoculation period of 5 wcelts, the 
volunteers were observed daily for the development of 
symptoms and physical signs of respiratoiy disease. 
Observations of the temperature, and of the pulse and 
respiratory rates, were continued. Roentgenograms of 
the chest were taken twice weekly, or oftener if indicated. 
Leukocyte counts with Schilling differenrial indices were 
performed twice weekly. Blood for serological stud>’ was 
obtained at weekly intervals. Throat cultures were taken 
weekly. Patients in need of complete bed re*t and 
nursing care were transported to a nearby hospital. 

RESULTS IN NON-INOCUL.\TED GROUP 

Clinical findings. Rcispimtory illnesses of 
mild severity and short duration developed in 1.1 
of the 16 individuals who were permittc-'l to 
pursue their normal duties al>out the camp fiut 
who received no inoculation. The time of de- 
velopment of respiratory dis-e.afe in this t,TOi:p 
is shown in Figure 1. Thre>c patients pre- 

* by Co:r.p,ir:y. 
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Fig. 1. Day of Onsi-t of RnsriUATORy Diskase in* Inoculatkd 
AND Non-Inoculatkd Groups 

Note: Tlircc patients in non-inoculatcd KPOiip presenting evidence of respiratory infec- 
tion on October 3 flcveloped symptoms on September 2-1, October 1 and 3, respectively. 


seated evidence of mild upper respiratory infec- 
tions when first e.vamined on October 3. These 
illnesses began on September 24, October 1, and 
3, respectively. Three additional patients de- 
veloped symptoms on October 4. During the 
succeeding 5 weeks, respiratory disease devel- 
oped in the remainder of the group in sporadic 
fashion. Constitutional symptoms (chilliness, 
malaise, or headache) during the course of their 
infection were reported by only 3 individuals 
(Figure 2). Localizing symptoms, c.g., coryza, 
sore throat, and occasionally cough and hoarse- 
ness, were the predominant features of these 
illnesses (Figure 3). Roentgenograms of^ the 
lungs were consistently negative in 15 indi- 
viduals. In only 1 case was there suggestive 
evidence of pulmonary infiltration accompanying 
the respiratory infection. The clinical history 
on this patient’s illness follows.' 


On October 3, K. B. inhaled a considerable amount of 
smoke while cngaRcd in fighting a forest fire. That 
evening he noted a slight sore throat. The following day 
he complained of headache, sneezing, coiyza, hoarseness, 
and cough. He reported to the dispensarj', where his 
temperature was found to be 99.4° F. and he was placed 
in quarters. On October 5, his temperature was normal 
but the symptoms continued. On October 6, his symp- 
toms were unchanged and the physical e.\amination 
rcA'ealed tender lymph nodes, nasal obstruction and 
discharge, a small patch of e.xudate on the pharynx, and 
scattered rhonchi over the lungs. Roentgenograms of the 
lungs taken on September 29, before the development of 
this infection, and on October 6, showed no pulmonary' 
lesion. By October 8, he was sufficiently improved to be 
discharged from the infirmary, but cough and nasal 
symptoms continued. Physical e.xamination at this time 
disclosed only tender cervical lymph nodes; no phaiy’ngeal 
exudate was visible and the lungs were clear. During the 
next 10 days, while on duty, he was aware of intermittent 
headache, malaise, nasal discharge, sore throat, and 
cough, but nothing of significance was found on physical 
examination. A roentgenogram of the chest on October 14 


CONSTITUTIONAL SYMPTOMS IN INOCULATtO 
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Fig. 2. Constitutional Symptoms in Inoculated and 
Non-Inoculated Groups 
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Fig. 3. Localizing Symptoms in Inoculated and 
Non-Inoculated Groups 
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was again negative. He was readmitted to the infirmary 
on October 18 because of exacerbation of all symptoms 
the previous night. He complained of cough and a dull 
frontal headache, and there was tenderness on pressure 
over the frontal sinuses, together with a purulent post- 
nasal discharge. His temperature remained normal. On 
October 21, a roentgenogram of the chest was taken, 
which has since been interpreted as showing a questionable 
area of increased densitj' of the mesial portion of the left 
lung. Opinion of the roentgenologists is divided as to 
whether this lesion represents peribronchial pneumonia or 
increased bronchovascular markings. The patient was 
able to resume his duties on October 27. A roentgenogram 
of the chest on November 2 was negative. No fine rMes 
over the chest were detected at any time. The clinical 
diagnosis was sinusitis, pharyngitis, and bronchitis. One 
specimen of serum (November 5) was tested for the 
presence of cold agglutinins but none was detected. 

Laboratory findings. Throat cultures from 
the non-inoculated group, prior to and during the 
course of the experiment, showed no significant 
deviation from the normal flora. One individual 
with a mild respiratory infection was shown to 
have a moderate growth of /3-hemolytic strep- 
tococcus on a single culture. There was no 
evidence that this organism had spread to other 
individuals in the group. Leukocyte and differ- 
ential counts on this group were normal. 

Tests for the presence of cold agglutinins and 
agglutinins for an indifferent streptococcus 
(Rockefeller No. 344) were performed on speci- 


mens of sera taken prior to the experiment and 
1 month later. Cold agglutinins were not 
present in significant titer (1 : 32) and there was no 
rise in titer of agglutinins for the streptococcus. 

RESULTS IN INOCUL.ATED GROUP 

Respiratory illnesses developed in 10 of the 12 
volunteers receiving the full 3 days’ course of 
inoculations. In general, these illnesses were 
more severe and differed sharply from the infec- 
tions observed in the non-inoculated group. 
The important data obtained following inocula- 
tion are given in Table II and in summary form 
below. 

Day of onset of respiratory disease. Figure 1 
shows the time of appearance of any symptom 
marking the onset of respiratory- disease. In 3 
individuals, respiratory disease began either 
during or immediately following the inoculations 
and was manifested by symptoms and/or signs 
localized to the nose or throat. Five individuals 
noted respiratory symptoms beginning from 
5 to 8 days (October 13 to 16) following the first 
inoculation: one man noted symptoms on the 
twelfth day (October 20) and one noted symp- 
toms on the tiventy-second day (October 30). 
The development of the majority of these ill- 
nesses over a period of approximately 1 iveek 


TABLE n 

Clinical and laboratory data on patients in experimental group 
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COMMISSION ON ACUTE RESI’IRATORY DISEASES 
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Fig. 4. Day of Onsf.t of any Constitotionai- or Localizing Sy.mftom from Dati- 
OF Inoculation in Inocui.ated and Non-Inoculated Groups 


following the first inoculation is in sharp con- 
trast to that observed in the non-inoculatcd 
group. 

ConsliUdional symptoms. Seven patients de- 
veloped significant constitutional symptoms 
which were generally of moderate severity, al- 
though in 3 patients (W. A., R. K., and O. S.), 
some of the symptoms were present in severe 
form (Table II). One individual (L. M.) pre- 
sented only a single constitutional symptom. 
Chilliness was noted by 4 patients (Figure 2). 
In no instance was a frank rigor observed. 
Subjective sensation of feverishness was present 
in 6 patients. Dull frontal headache, malaise, 
and anorexia were each present in 6 cases. 
The time of development of constitutional symp- 
toms differed somewhat among the 12 inoculated 
individuals (Figure 4). Three men noted onset 
of symptoms on October 17, 9 days following the 
first inoculation. 

Localizing symptoms. Symptoms, localized 
either in the upper or lower respiratory tract, 
were present in 9 patients (Table II, Figure 3). 
Nasal obstruction and discharge were present in 
each of 8 patients. Sore throat, usually of mild 
severity, was noted by 5 individuals. Hoarse- 
ness was noted in one-third of the patients. 
Cough, usually of a dry paroxysmal character 
in the early stages, was observed in 8 patients. 
In 2 of these, the cough was severe, and in 7, it 
became productive. The sputa were invariably 
mucoid or mucopurulent and in no instance con- 
tained fresh or altered blood. Chest discomfort 
consisting of substernal "soreness” or rawness 
was observed by one-third of the patients. 
None of the patients developed a pleural type of 


pain. The day of onset of these localizing symp- 
toms is shown in Figure 4. 

Physical examination. Characteristic "sticky” 
subcrepitant r&les (Ig) were detected in the lungs 
of 5 patients. In 2, the rSles were persistent and 
continuouslj’^ heard over localized areas. In the 
remaining 3 patients, the rales were localized to 
given areas but were transitory in nature. 
Rhonchi were audible in 4 patients. Abnormal 
signs in the nose and throat were detected in 8 
patients having symptoms from these regions; 
these signs, however, were usually minimal. 
Two patients developed purulent discharge from 
the nose. Moderate injection of the throat 
usually accompanied symptoms of sore throat. 
The remainder of the physical examination 
showed no abnormalities. 

Fever. Eight patients developed fever (99° F. 
or above) following the inoculations (Table II). 
The temperature charts of these patients (Fig- 
ure 5) show variability not only in the time of 
development (October 13 to November 4) but 
also in the height of the temperature response 
(99.2 to 102° F.). There were 5 individuals 
(Cases 11, 1, 5, 8, and 14) who showed maximum 
temperatures of 100° F. or above and who had 
associated symptoms of respiratory illness. The 
development of significant fever was first ob- 
served in these individuals in a period varying 
between 7 and 22 days after the first inoculation. 
Three of these 5 men showed febrile responses 
beginning 7 to 9 days after the first inoculation. 
There were 3 volunteers who developed slightly 
abnormal temperatures of 1 to 2 days’ duration 
(Cases 1, 9, and 6). Only 1 individual (Case 3) 
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in the latter group manifested sj-stcmic s>Tnp- 
toms of illness. 

Roentgenograms. On review of all films with- 
out knowlctlge of the clinical historj', 1 patient 
(R. K., Case 5), in the opinion of the rocntgenol- 
ogists, showed evidence of a patchy infiltration of 
both lung bases, more marked on the left. This 
patient had the characteristic sj-mptomatologa* 
and physical signs usually accompanying primarj' 
at\*pical pneumonia. The films of 2 other pa- 


tients (W. A., Case 1, and L. M., Case 8) showed 
similar findings in single lobes, but to a less 
marked degree. Patients R. K. and W. A. were 
sufficiently ill to be hospitalized. In these in- 
stances, however, the pulmonary infiltrations 
were mild in degree and not so extensive as 
those usually observed in atypical pneumonia 
as seen in a hospital ward. 

Laboratory findings. Cold agglutinins were 
detected in the sera of 3 patients (Table II). 
One patient (L. M., Case 8), who developed a 
febrile illness of 6 days’ duration with accom- 
panying symptoms and signs of respiratorj’^ dis- 
ease, had a cold agglutinin titer of 1:128 on 
October 28 and 1:256 on October 31'. Another 
patient (P. O., Case 11) developed cold agglu- 
tinins in titer of 1:64 following a febrile illness 
of 12 days’ duration. A third patient (\V. A., 
Case 1) showed a cold agglutinin titer of 1:128. 
Tests on the sera of the remaining patients were 
negative. 

Agglutination tests with 20 strains of indiflter- 
ent streptococci (Rockefeller No. 344, and 19 
additional strains) showed no definite rises in 
antibody titers in the sera of any of the patients 
receiving inoculations. 

Tests for the development of antibodies 
against influenza viruses A (PR8) and B (Lee) 
were done on samples of sera collected before and 
3 weeks following the inoculations, employing 
the chicken red blood cell agglutination inhibi- 
tion test of Hirst (7). No evidence of an increase 
in antibody titers to either virus was demon- 
strable in any of the specimens of convalescent 
serum. 

With two exceptions, the leukocyte and Schil- 
ling dififercntial counts in these patients showed 
no significant deviation from normal throughout 
the experimental period, despite the development 
of fever and/or severe rcspiratoiy symptoms. 
Two patients who were severely ill and requirefl 
hospitalization developed a leukocytosis of 
12,000 with an absolute increase in the total 
number of polymorphonuclear ncutrophiles du,-- 
ing the febrile period. 

Results of weekly throat cultures showt-i no 
significant changes in bacteria! flora immejliatcly 
following the inoculations. The tv‘;>.-' of or- 
gnnisms present were those ustially encounter!-'! 
in routine cultures from norma! i.n'iivi'lu.a!' •.vitJ:- 
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out respiratory disease, a-streptococci, H. in- 
Jlucnzae, and gram-negative cocci (not further 
identified) were consistently predominant or- 
ganisms throughout the experimental period. 
Beginning on October 20, however, )S-hemoIytic 
streptococci were recovered from 1 patient. 
On October 26 and again on October 29, similar 
organisms in moderate numbers were isolated 
from 4 other cases. On November 3, only 1 
patient was found to be still harboring these 
organisms. There was no evidence that the 
presence of /?-hemolytic streptococci was asso- 
ciated with a clinical illness in any of these 
patients. 

Case Reports 

Case 5, Figure 6. R. K., aged 21, liad enjoyed good 
general health immediately prior to the c.xperiment. His 
past history was marked by a severe attack of tonsillitis 
in 1936. He usually experienced one or two “head colds” 
a year, lasting approximately 7 days. The most recent 
infection occurred in Februarj' 1943. During the pre- 
inoculation period, no significant respiratory symptoms or 
signs were observed. 

Mild nasal obstruction and discharge developed con- 
currently with the inoculations. On October 11, a dry 
cough developed which increased in severity so that by 
October 15 it was keeping the patient awake at night. 


On October 17, the patient complained of chilliness, dull 
supra-orbital headache, and .siibslernal discomfort follow- 
ing eacii cough. He did not appear ill at this time and the 
physical examination was essentially negative. The 
following day the patient appeared definitely ill for the 
first time. Constitutional symptoms of chilliness, fever- 
ishness, headache, malaise, and anorexia were conspicu- 
ously present and the temperature rose to 101.6“ F. 
Physical examination disclosed only questionable dullness 
over the right hihis posteriorly. On October 19, the 
patient’s fever continued and all symptoms became 
aggravated. Examination revealed numerous fine and 
coarse moist rAles at both bases, without other signs of 
infiltration. On this date, he was transferred to a hospital 
for further care, where he stayed for approximately 3 
weeks. A roentgenogram of the chest on October 20 
showed evidence of a bilateral infiltrative lesion consistent 
with that of primary atypical pneumonia. These findings 
were observed on successive daily films taken over the 
course of the next week, but with gradu.al clearing of the 
pneumonic process during this time. The febrile course 
was of 11 days’ duration. Constitutional symptoms 
persisted until November 2. Fine rAles were continuously 
heard over a period of approximately 1 week. Except for 
a cough lasting until November 7, the patient made an 
uneventful recovery. 

Co7>t7nc7il. An acute febrile illness of moder- 
ate severity developed 9 days after the first 
inoculation. Symptoms and signs suggestive of 



r t riiNicAL Chart of Patient Who Developed an Acute Febrile Respiratory Illness Resembling 
Fig. 6, Case . Primary Atypical Pneumonia 


Note 


. + = symptom or sign present and of mild degree; ++ = symptom or sign present and of moderate severity. 
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Fig. 7, Case 1. Clinical Chart of Patient Who Developed an Acute Febrile Respiratory Illness Resembling 

PRiiiARY Atypical Pneumonia 
^ For explanation of symbols, see Fig. 6. 


primary atypical pneumonia were noted. Evi- 
dence of a bilateral infiltrative lesion was ob- 
tained by roentgenograms of the chest. Con- 
valescence was prolonged but the patient made 
an uneventful recover>L 

Case 1, Figure 7- W. A., a IP-ycar-oId camper, had 
always enjoyed good health except for minor head colds 
of short duration, occurring 3 or 4 times a year, and for a 
"streptococcus throat infection” in 1938, following which 
tonsillectomy was performed. Examination prior to the 
experiment disclosed no abnormal respiratorj' symptoms 
or signs c.xccpt for marked deviation of the nasal septum. 

No symptoms developed during the course of the 
inoculations. On October 14, the patient complained of 
slight sore throat and hoarseness; however, the physical 
examination was negative. On October 15, corj-za and 
nasal obstruction were noted. Two days later, constitu- 
tional symptoms developed, consisting principally of 
headache, diillincss, malaise, anorexia, and fatigabilitv. 
Die temperature, which had previously been normal, rose 
to 100’ F. The patient looked mildly ill. .All symptoms 
became aggravated the following day, and fever suried 
between 99 .8' and 100.6° F. His condition n-as somewhat 
improved on October 19 and the temperature was lower. 
Constitutiomal symptoms continued, and he was still 
mildly ill. Physical examination disclosed no significant 
abnormalities of the respiratory tract. With the onset of 
coiigh and severe constitutional symptoms on October 20, 
the patient .appe.ared more ill. There was questionable 
dv!lnc«s to the percussion note at the right bas^-, but no 


rSies. He was transferred to a hospital on October 21. 
On this date, the lungs were negative to physical examina- 
tion, but the roentgenogram revealed e.xaggcratcd markings 
in the mid-lung field adjacent to the right heart border. 
This abnormality gradually cleared over the next 10 days. 
Opinion of roentgenologists was divided as to the signifi- 
cance of the changes obsem-cd. Examination of the chest 
at daily intervals failed to reveal fine "sticky" rales over 
the area shown roentgenographically to be abnormal. A 
few fine riles, however, were audible at intervals over the 
left hilus. The temperature fell to normal by lysis on 
October 24 and thereafter remained normal. Convales- 
cence was slow and there were no complications. Tests 
for the development of cold agglutinins in the scrum %vcrc 
done subsequent to recover)-. These showed a titer of 
1 : 128 on October 27, with a progressive fall in titer in 
the samples taken on November 1, 4, and 12. 

Comment, The illnciss in this patient was of 
moderate severity. Constitutional symptoms, 
which marked the onset of the acute febrile 
course, developed 9 days after the first inocula- 
tion. The sv-mptoms were cliaracte.ristic of 
those usually associated with atypic.al pneu- 
monia. Neither phy.sical signs nor dc-finite 
roentgenographic evidence of the di'^e.'ife, h.o'.v- 
ever, developed with any <iegrc-e of rcr'.iinty. 
The course of tlie dise.ise v.'.is ronri'^tent witli 
that of a moderately .severe ca‘e of .'ityp-c.-;! 
pneumonia. 
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Case 11, Figure 8. P. O., aged 19, gave a history of 
repeated infections of the respiratory tract during the 
past few years. These consisted principally of a head 
cold and sore tliroat wliich occurred approximately 6 times 
a year, lasting less than a week at a time. He had pneu- 
monia in 1931 and 1936, and sinusitis and mastoiditis in 
1934. During the previous 3 months, he had been free of 
respiratory infections. 

The patient remained well during and immediately 
following the inoculations. Beginning on October 15 and 
continuing for approximately a week, there was slight 
afternoon or evening elevation of temperature to 99.4° or 
99.6° F. There were no accompanying complaints and 
the patient was normally active. On the 21st and 22nd 
of October, the temperature rose to 100° F. At this time, 
he noted feverishness, chilliness, and frontal headache, 
but no abnormal physical findings were obsea'cd. He 
became mildly ill on October 23 with the development of 
fever (102° F.), chilliness, feverishness, malaise, anorexia, 
sneezing, and slight nasal discharge. Except for moderate 
injection and hypertrophy of the pharj'ngeal lymph 
follicles, no significant physical signs were noted. The 
patient stated that his symptoms were more severe than 
those usually experienced with respiratory infections. On 
October 24, the temperature was lower and constitutional 
symptoms had abated materially. The abnormalities 
previously noted in the throat were still present. The 
lungs were clear by auscultation. The temperature fell 
by lysis and there was corresponding symptomatic im- 
provement. On only one occasion, October 31, were a few 
fine rfiles detected over the right axilla which persisted 
after coughing. Roentgenograms taken repeatedly, during 
and subsequent to the febrile course, failed to reveal 
evidence of pulmonary infiltration at any time. The 
patient made an uneventful convalescence. 


Tests for the development of cold agglutinins were 
performed on the patient’s sera, collected at weekly 
intervals throughout the period of observation. Aggluti- 
nins in low but significant titer (1 : 64) were detected in 
the serum sample of October 28. 

Comment. This patient’s illness consisted of 
an initial asymptomatic period, characterized 
by low-grade fever beginning 7 clays after the 
first inoculation, which was followed by a sharp 
febrile symptomatic period of 1 week’s duration. 
The symptoms were of moderate severity. 
RSlcs in the lungs were heard on only one occa- 
sion, late in the course of the disease. The 
roentgenograms did not show abnormal pul- 
monary shadows. Sera of the patient revealed 
the presence of cold agglutinins in significant 
titer. Except for the negative roentgenograms 
and the paucity of confirmatory^ lung signs, the 
patient developed a mild respiratory infection 
consistent with the diagnosis of atypical pneu- 
monia. 

Case 8, Figure 9. L. M., 24 years old, had always 
enjoyed good health. He usually experienced 2 head 
colds each winter, which lasted 2 or 3 days and were 
uncomplicated. His most recent respiratory infection 
occurred in January 1943. 

No significant symptoms or signs developed during the 
pre-inoculation period or immediately following the 
inoculations. The patient was well until 12 days after 
the first inoculation, when he noted dryness of nose and 
pharynx, hoarseness, and a "tickling" cough, symptoms 
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which were unlike those usually experienced with a cold. 
On October 21, there was slight nasal obstruction, injection 
of the pharynx, exudate on a portion of the pharyngeal 
lymphoid tissue, and aggravation of the cough. His 
symptoms continued, with dry cough and hoarseness as the 
most prominent features. On October 23, he noted slight 
feverishness, and fine inspiratory rSIes and rhonchi were 
detected for the first time over the lung bases. Slight 
evening elevation of temperature was noted on this date, 
and a low-grade fever continued during the ne.xt 5 days. 
The patient was less active than usual but not sufficiently 
ill to require bed rest. RSIes and rhonchi persisted and 
were heard daily over both lung bases and over the right 
middle lobe. Rhonchi were no longer heard after Novem- 
ber 2; a few rSIes were audible until November 11, a period 
of approximately 3 weeks. Cough persisted for about 4 
weeks and eventually cleared. There were no complica- 
tions. 

Roentgenograms of the chest were consistently negative 
until October 18. On this date, the film showed increased 
bronchovascular markings at the left base. One roentgen- 
ologist who reviewed the films believed the infiltration was 
of sufficient degree to represent definite peribronchial 
pneumonia. The films taken on October 21 and 23 
showed no change. On October 25, the increased markings 
were less evident. Residual changes were ansible in 
frequent films taken over the course of the next 2 n-ceks. 
A final film on November 7 still showed a residual amount 
of increased markings at the left base. 

Cold agglutinins developed in the sera of this p.itient 
with the Cessation of the febrile period. sample taken 
on October 2S gave a titer in dilution of 1 ; 12S. Subse- 


quent samples taken on October 31 and November 4 
showed titers of 1 : 256 and 1 : 128, respectively. 

Comment. This patient’s illness was marked 
by an insidious onset, minimal constitutional 
symptoms, a short febrile course, protracted 
cough and lung signs, and questionable roent- 
genographic evidence of pulmonary' infiltration. 
The illness was extremely mild and not in- 
capacitating. Cough and hoarseness were the 
predominant symptoms. The development of 
cold agglutinins, together with the auscultatory 
findings, suggested the diagnosis of mild atypical 
pneumonia. 

DISCUSSION 

In this study, an attempt has been made to 
transmit primary' atypical pneumonia in human 
volunteers. At the beginning of the experi- 
ment, it seemed of importance to determine 
whether or not atypical pneumonia existH at 
the camp, cither in the imme^iiate or in tiie re.motr- 
past. For this purpose, a survey '.v.Tr. conduct*-'! 
which showed a normal se.Tson.al p re v.! lea a- of 
respiratory disease in the 12-nionth {y.-rjo! pri.-- 
ceding the initiation of the cAtv-.-dment. Tfse 
data available from the diFp-jnviry record* ir.di- 
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catcd that definite cases of pneumonia probably 
had not occurred. In addition, a roentgeno- 
graphic survey, consisting of single films in 123 
individuals, revealed no instance of atypical 
pneumonia. There was thus an indication that 
the disease under investigation was not then 
present in recognizable endemic form at the 
camp and that infections, if they could be pro- 
duced successfully, might reasonably have re- 
sulted from the inoculations. 

The observations made in this preliminary 
experiment indicate that respiratory disease of 
variable clinical patterns developed in a con- 
siderable proportion of human volunteers follow- 
ing inoculation with unfiltercd secretions ob- 
tained from the respiratory tracts of patients 
with primary atypical pneumonia. The clinical 
course of illness in 3 individuals (Cases 1,5, and 
8) was similar to, if not identical with, that 
usually observed in patients with primary 
atypical pneumonia (Ig). These 3 individuals 
showed suggestive roentgenographic evidence 
of pneumonia and 2 patients were sufficiently 
ill to be hospitalized. In another individual 
(Case 11), an illness resulted which was indis- 
tinguishable from atypical pneumonia except 
for the absence of roentgenographic evidence of 
the disease. This type of illness has previously 
been termed “bronchitis resembling atypical 
pneumonia" (Ig). Six additional patients (Cases 
2, 3, 4, 12, 13, and 14, Table II) developed mild 
acute illnesses of the respiratory tract without 
pulmonary lesions demonstrable either by phys- 
ical examination or by roentgenogram. Thus, 
there is a limited amount of experimental evi- 
dence from this preliminary study to indicate a 
possible relationship between atypical pneumonia 
and certain mild illnesses of the respiratory 
tract without accompanying pulmonary lesions. 
Others (8, 9a and b) have previously noted this 
relationship. Clinical and epidemiological evi- 
dence obtained from the study of atypical pneu- 
monia at Camp Claiborne, La. (Ig), and more 
recently at Fort Bragg (10a and b), also has sup- 
ported this concept. , . 

The course of illness which developed m these 
volunteers bore little resemblance to that usually 
observed either in individuals with the com- 
mon cold” or in subjects inoculated with filtered 
nasal secretions from patients with early acute 


“colds.” Although symptoms and signs of 
inflammation of the nose and throat were noted 
in approximately two-thirds of the volunteers, 
it seemed significant that these manifestations 
were mild and often accompanied by definite 
constitutional symptoms and fever. Further- 
more, two other groups of workers (11, 12) have 
shown that in human transmission experiments 
the incubation period of colds is generally short, 
usually 24 hours or less and probably not exceed- 
ing 4 days. Evidence from this experimental 
study indicates an incubation period of the acute 
illness in excess of 4 days. In view of the fact 
that unfiltercd inoculum was used, however, 
and that mild respiratory disease was pre.sent in 3 
volunteers at the beginning of the experiment, 
the possibilities exist that these infections may 
represent cither bacterial complications of the 
"common cold” or instances of undifTerentiated 
respiratory disease. These possibilities cannot 
be excluded with certainty, although the clinical 
course of disease in the inoculated patients did 
not support either concept. 

The nature of illness developing in these 
volunteers likewise bore little resemblance to the 
classical picture of influenza, either experiment- 
ally or naturally acquired (13). Two other in- 
vestigators (14, 15) have shoum that an acute 
illness of abrupt onset usually follows within 
24 to 48 hours after the experimental inocula- 
tion of influenza virus A into human volunteers. 
The subjects in this study developed their ill- 
nesses more than 48 hours after inoculation, and 
neither the clinical characteristics nor course of 
disease resembled typical influenza. Further- 
more, none of the patients nor the men in the 
non-inoculated group showed serological evi- 
dence of an antibody rise to influenza viruses 
A or B during the period of the experiment. 

The lack of more definite evidence of pul- 
monary infiltration in any of the roentgenograms 
was an unexpected finding, in consideration of 
the severity of illness manifested by some pa- 
tients. The soft, patchy lesion with greatest 
density near the hilus, which is observed so fre- 
quently in atypical pneumonia, was not en- 
countered. The maximum changes observed 
consisted of greatly exaggerated bronchovascular 
markings, which were seen to develop gradually 
at the base of one or more lobes and to undergo 
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slow resolution over a period varying from 1 to 2 
weeks. These findings, although minimal, were 
considered significant, and may be of importance 
to the concept of the possible relationship of 
certain forms of bronchitis to atypical pneu- 
monia (Ig). 

In view of the serological reactions with an 
indifferent streptococcus (Rockefeller No. 344) 
obtained in certain cases of atypical pneumonia 
(6), a study was made of the relationship of this 
bacterium and other strains of indifferent strep- 
tococci to the respiratory illnesses occurring not 
only in the donors, but also in the recipients of 
the inoculum, i.e., the volunteers. Nine strains 
of indifferent streptococci were isolated from the 
inocula used in the experiments. None of these 
showed specific agglutination by anti-344 rabbit 
serum, by the convalescent sera of the donors, 
nor by a known positive convalescent human 
serum. Three of the donors, however, did show 
a rise in agglutinin titer to streptococcus No. 344 
in samples of convalescent serum (Table I). 
From the volunteers, 26 additional strains of 
indifferent streptococci were isolated. Nineteen 
of these when tested showed non-specific agglu- 
tination reactions with rabbit immune and 
human convalescent serum. All samples of 
serum obtained from the 15 volunteers and the 16 
men in the non-inoculated group were tested 
against No. 344 and the 19 strains isolated from 
the recipients. None of these samples of serum 
showed a rise in agglutinin titer to any of the 
strains. This evidence indicates that the in- 
different streptococcus probably did not play 
a significant etiological r61e in the illnesses de- 
veloping in any of the volunteers. 

It has been suggested (5) that “the develop- 
ment of cold agglutinins may serve as a criterion 
for segregating some of the prevalent cases of 
primaiy’ atypical pneumonia until definite etio- 
logical agents are established.” The inocula 
used in these experiments were obtained from 
7 patients with primary' atypical pneumonia, 5 
of whom were shown to possess high titers of cold 
agglutinins in their sera. Three of the volun- 
teers who received the inocula developed sig- 
nificant titers of cold agglutinins approximately 
I week following the onset of the febrile period. 
It has been found in this lalmratory (4) that cold 
agglutinins first apjx'ar in the sera of some pa- 


tients with atypical pneumonia at approximately 
this time. Furthermore, the incidence of posi- 
tive reactors in this study (25 per cent) compares 
favorably with what has been found in patients 
at Fort Bragg. Approximately 35 per cent of 
patients with atypical pneumonia may show the 
phenomenon at some stage of illness. It seems 
probable from the foregoing observations, there- 
fore, that the clinical illnesses in the 3 inoculated 
volunteers who developed cold agglutinins were 
closely related to those in the patients originally 
studied at Fort Bragg and from whom the in- 
ocula were obtained. 

SUMMARY 

A preliminary experiment has been conducted 
in human volunteers in an attempt to transmit 
primary atypical pneumonia. Unfiltered throat 
washings and sputa obtained from patients early 
in the course of the characteristic disease were 
inoculated into the respiratory tract of 12 indi- 
viduals. The volunteers were kept in group- 
isolation for a period of 6 weeks and observ'cd 
daily for the development of any signs of respira- 
tory illness. 

Respiratory illnesses developed in 10 of tlic 
12 volunteers. These illnesses varied con- 
siderably not only in severity, but also in clinical 
manifestations, one from the other. They 
differed sharply from infections observ'ed in a 
similar group of non-inoculated individuals. 

Evidence is presented to indicate that illnesses 
closelj' resembling primary' atypical pneumonia 
developed in certain of those who received the 
inoculations. 
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The renotropic effects of testosterone and 
testosterone propionate have been demonstrated 
repeatedly in mice and rats (1, 2, 3). Whether 
or not the induced increase in size and weight of 
the organ is associated with any enhanced 
functional capacity thus far has not been deter- 
mined. It has been found, however, that the 
administration of testosterone propionate to 
female castrated dogs will augment the maximum 
tubular secretory capacity but does not influence 
the creatinine clearance (4), That testosterone 
propionate is particularly effective as a reno- 
tropic agent in rats and dogs which develop 
compensatory hypertrophy of the remaining 
kidney after unilateral nephrectomy has been 
indicated (5) . In these animals, the increase in 
mass of the kidneys was paralleled by an increase 
in both glomerular filtration rate (inulin clear- 
ance) and tubular excretory mass (Tmn). The 
parenteral administration of 25 mgm. of the 
hormone, daily for 2 weeks, to normal individuals 
and patients with renal disease failed to increase 
the renal functions measured. 

Despite this last observation, it appeared 
possible that the administration of testosterone 
or testosterone propionate might increase the 
functional capacity of the human kidney if given 
in amounts comparable (on a weight basis) with 
those used in animal e.\pcriments. A clinical 
study was undertaken, therefore, to ascertain 
the effects of large amounts of these steroids on 
human renal function. The results of that study 
form the basis of the present report. 

METIIODS 

1. Eficcuve rcn.il flow vxas ascertained from the plasma 
clearance (Cr.tn) of sodium-p-aminohippurate (PAH *), a 
compound whicli has l>ccn recommended by Smith and his 
associates as a substitute for diodrast. During the de- 

‘Tlic .authors gratefully .aclmowlcdge the gift of this 
nvitcrial from Sharp & Dohmc, Inc., Philadclpha, Penn- 
syh-anla. 


termination of renal blood flow, the plasma concentration 
of PAH was maintained at levels of from 1.0 to 3.1 mgm. 
per cent. , 

2. The rate of glomerular filtration was measured by the 
clearance of mannitol (Cm) (7). Plasma levels of mannitol 
during these observations ranged from 125 to 168 mgm. 
per cent. 

3. The tubular e.\cretory mass was indicated by the 
clearance of PAH when the plasma concentration of that 
compound was greater than 66.5 mgm. per cent (TmpAn)- 

4. The maximal rate of tubular resorption of glucose 
(Tmc) was measured at plasma glucose concentrations 
above 350 mgm. per cent (8). All determinations were 
checked both before and immediately after the administra- 
tion of the hormones. 

In a previous communication (9) it was demonstrated 
that simultaneous measurements of Tm^, TmpAii could 
not be made satisfactorily since the \alues obtained wore 
effected by the plasnu. concentration of the test substance. 
Hence, in the present study, separate periods were used to 
determine first Cpah, then TmpAn, and finally TmQ. 

CLINICAL JIATERIAL 

A total of 9 subjects was studied. Four of these were 
normal adult males. The first (E. C.) received intra- 
muscularly 90 mgm. of testosterone * in sesame oil daily 
for 23 days. The second (M F.) received 100 mgm. per 
day of testosterone propionate ’ for a total of 8 days. Tlic 
third (E, M.) and fourth (D. H.) were injected with 300 
mgm. daily of testosterone propionate for 8 and 14 day.?, 
respectively. 

The fifth subject was a eunuchoid male (M. H.) whose 
daily excretion of IT-ketosteroids was consistently less Unn 
3 mgm. This subject was included to ascertain whether 
or not the hypogonadic state affected the renal functions 
measured. This subject was given 100 mgm. of testo- 
sterone propionate per day for 29 days. 

The remaining 4 patients investigated each hail dis- 
orders commonly associated with renal in'ufflcie.ncy. 
Two had essential h>-pertcnsion (M. F. P. and J. McO.) 
and 2 had chronic bilateral pycloneph.'itl' (E.O..and 15. 1!.). 
The patients v.dth hypertension receive-! daily K/) mgm. 
of testosterone propionate inlramu'cultrly for 12 and 23 
days and tlio'e with pvalonephritis each w*-re given Yf) 
mgm. per day for 14 and 16 da;.-5. 


-The testosterone and ti'-tocrron-* pro;.’---.*it- 
donated by the Scherin.; O rpe^rativn, n’.'-cn'-r-l !, L'sv 
Jersey. 
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TAIH.K I 


The effects of tcslostcroKc and of lesloslcronc propionate on the renal functions of the subjects studied 
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RESULTS 

The essential data are presented in Table I. 
Before the administration of the steroids, the 
values obtained for Cm, Cpah, and Tmo in the 
normal subjects, the patients with essential 
hypertension, and those with -chronic pyelone- 
phritis agree well with those found by other in- 
vestigators in similar clinical material (8, 10, !!)• 
However, it is interesting to note that although 
the eunuchoid male consistently had normal 
arterial tension and no history of renal disease, 
the values of Cm, Cpah, and TmpAH were all 
' abnormally low. 


Neither testosterone nor testosterone propio- 
nate in the amounts administered apparently had 
any effect on Cm nor on the TmpAH- Neither 
was there obtained any consistent or significant 
effect of the hormones administered on the Cpah 
nor the Tmo- 

COMMENT 

Maximal renal hypertrophy in the mouse is 
effected by the administration of 0.1 mgm. per 
day of testosterone propionate for only 9 days 
(4). An increase in tubular function in dogs has 
been observed (4) after the administration of a 
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single dose of 100 mgm. in 1 case and after 4 
daily doses of 100 mgm. each in 2 other animals. 
On a comparative weight basis, this would 
indicate about 300 mgm. per day as an effective 
renotropic dose in man. Hence, had the same 
relationship existed between administered ster- 
oids and renal function in man, the amounts of 
the compound employed in the present study 
should have been effective in at least 4 subjects. 

Evidently certain steroids do not influence 
renal functions in general. This has bfen found 
true, for example, for alpha estradiol benzoate 
(12). The administration of this compound 
appears to be without effect on the clearance of 
mannitol. It does, however, markedly depress 
the tubular reabsorption of ascorbic acid. Like- 
wise, in the dog, testosterone propionate appar- 
ently does not change the filtration rate but does 
increase markedly the tubular secretion of dio- 
drast (4). It is possible, therefore, that although 
the administration of testosterone or testosterone 
propionate to human beings did not alter the 
filtration rate nor renal blood flow or TmpAH or 
Tmo, other renal functions might have been 
affected. This possibility now is under further 
investigation. 

Whereas the administration of the steroids 
might not increase renal function in normal 
subjects above their normal level, the compound 
might increase depressed function of the diseased 
kidney. For this reason, patients with impair- 
ment of renal function were included, but in 
these, too, the administered hormones were 
without measured effect. 

CONCLUSION 

The administration of testosterone or testo- 
sterone propionate in amounts presumed to be 
adequate for renotropic effects did not alter 
significantly the rate of glomerular filtration, 
renal blood flow, the maximum rate of tubular 


secretion of p-aminohippurate, or the maximum 
rate of tubular reabsorption of glucose in 4 
normal subjects or in 5 patients with impaired 
renal function. 
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Late in March, 1943, a patient was admitted 
to another hospital in this city and died within 
a few hours. Autopsy revealed a difTusc hemor- 
rhagic bronchopneumonia and a hemolytic 
Staphylococcus aureus was obtained in pure cul- 
ture from the pulmonary lesion. A filtered 
suspension of this lung was used for virus isola- 
tion studies in this laboratory. By serial intra- 
nasal passage through mice and by intra-allantoic 
inoculation in chick embryos, it was possible to 
Isolate a virus which was identified as influenza 
A (1). Two weeks later, a second case was 
observed which early in its course suggested that 
of a severe primary atypical pneumonia. The 
patient died after an illness of 6 days, toward 
the end of which she exhibited signs and symp- 
toms consistent with an acute myocarditis and 
the latter was found at autopsy. No significant 
bacterial pathogen was found in cultures of the 
lungs of this patient but mouse and chick embryo 
inoculations of lung suspensions yielded influenza 
A virus (2). 

As far as could be ascertained, influenza-like 
infections were not particularly prevalent at this 
time although mild cases may have occurred and 
escaped recognition. The experience in these 
cases, however, suggested that influenza A was 
occurring in sporadic cases. The last known 
outbreak of influenza A in which a large number 
of cases were recognized in Boston occurred as 
part of the more widespread' epidemic of this 
disease in the fall and winter of 1940-41 (3, 4). 
It was anticipated, however, that another out- 
break of influenza might occur during the fol- 
lowing season but its nature and extent could 
not be predicted. 

Because of limitations of personnel and facili- 
ties and ' since it was known that extensive 
■studies were being planned by many workers, 
both in and apart from the armed forces, only 
lirhited studies were outlined which would be 


more suited to the type of material available in 
a municipal hospital. One of the chief objectives 
of the projected study was to determine how 
readily virus could be isolated and identified by 
the available methods from typical acute cases 
of epidemic influenza and from the lungs of fatal 
cases. Particular interest was also centered 
about the possible predisposing r61e of influenza 
virus infections in the severe cases of bacterial 
pneumonia which occur during and shortly after 
an epidemic of influenza. 

The anticipated epidemic did materialize in 
this country (5) and in Great Britain (6) and 
possibly in many other countries. Most of the 
cases in Boston occurred during the first 2 weeks 
of December 1943. The studies made during 
the height of this epidemic and for several weeks 
after it had subsided yielded results that are of 
some interest and they are reported in this paper. 

PATIENTS, MATERIALS, AND METHODS 

Patients, The 4 epidemic cases chosen for isolation of 
virus from throat washings were admitted to the Boston 
City Hospital between December 3 and 14. They were 
considered clinically to be characteristic cases and were 
selected because they were still acutely ill, with a fever of 
102° F. or higher, and had had symptoms for 2 days or 
less at the time when the throat washings were obtained. 
Influenza virus was also isolated from the lung in a fifth 
case in which death occurred on December 13, 3 hours after 
admission to the Evans Memorial Hospital.^ 

Among the cases which are being classified as post- 
epidemic, the first to be studied from which a virus was 
isolated, was admitted to the Boston City Hospital on 
January 31, 1944, and died a few hours later of a diffuse 
bronchopneumonia. Viruses were also isolated from 6 
other clinical cases and in 1 other fatal case, all admitted 
between February 8 and March 12. 

Cases chosen for serological studies included: (1) The 
clinical cases from which virus isolations were accom- 
plished. (2) Similar patients who were admitted during 
the height of the epidemic and who were ill more than 

* Materials obtained through the kindness of Drs. 
Chester S. Keefer and John J. Curry. 
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3 days or were already afebrile at the time when they were 
first seen, so that virus isolations were not attempted. 
(3) Patients with severe bacterial pneumonia occurring 
during the height of the epidemic and in the following few 
weeks. The majority of them were on the medical wards 
in the middle of January; most of them had extensive 
pulmonary lesions and many responded poorly to chemo- 
therapy. Each of them gave a history of clinical influenza 
sometime after the middle of November. (<#) A group 
of patients who were on the wards at the same time for 
various conditions other than acute respiratory infections 
but who had had symptoms of an influenza-like infection 
after the middle of November. (5) Cases similar to the 
latter whose earlier symptoms were interpreted as those 
of common cold and not influenza. Most of them had 
had predominantly coryza without fever or constitutional 
symptoms, (d) Similar patients and some hospital staff 
members who had no symptoms either of a common cold 
or of influenza after October 1943. A few cases of pneu- 
monia are included in the last 2 groups, but very few cases 
of severe pneumonia were encountered at this time in 
which there was no historj' of influenza during the epidemic. 

Virus isolations. In the early acute cases, the patients 
were asked to gargle thoroughly 3 times with 30 ml. of 
sterile broth containing 10 per cent horse serum. The 
washings were cultured and were then divided into 2 parts, 
1 of which was passed through a Berkefeld “V" ora mand- 
ler filter. These were used for inoculations immediately 
or were stored in a carbon-dioxide freezing box for later 
inoculations. 

White mice, in groups of 4 to 6. were each inoculated 
intranasally under light ether anesthesia and passages of 
20 per cent pooled lung suspensions were done at 3- to 5-day 
intervals. Only the shorter intervals were used in the 
latter part of the study. After pulmonarj’ lesions began 
to appear, or if the mice died with extensive and character- 
istic lesions, subsequent passages were made with 1;10 to 
1 : 1000 dilutions of the lung suspensions, depending on the 
extent of the lesions or the time of death. The presence 
of the virus was recognized by the characteristic lesions. 
The virus was then identified by neutralization tests in 
mice with immune rabbit or ferret serums’ prepared 
against the PR8 (7) strain of influenza A and the Lee (8) 
strain of influenza B. In some instances, this w:as cor- 
roborated by demonstrating resistance to infection with 
lethal doses of these standard strains in mice which had 
previously survived sublethal infections with the patient’s 
virus. Further identification of some of the mouse passage 
viruses \vas done by inoculating sterile filtered suspensions 
into chick cmbrv'os. as detailed l)cIow, and identifying the 
vinis harvested from the allantoic fluid by agglutination of 
hen’s cells and by the specific inhibition of this agglutina- 
tion with immune rabbit sera (9). 

Direct isolations were also made in chick c.mbrvos by 
adapting the mctho<ls of Hirst (10 to 12). Tlie unfiltcred 
or filtcttxi washings, or Ixiih were inoculated in 0.1 ml. 
amounts into the chorioallantoic s.ac of 11- to I2-d3v-o!d 

* Ss-rums obtaincsl through the kindness of D.-. Frank L 
Ib r-hd!. Jr. 


chick embryos (3 to 6 eggs each) and the allantoic fluid 
was harvested after 48 hours additional incubation at 37° C. 
The presence of influenza virus was indicated by the agglu- 
tination of the red cells of the embryo which were per- 
mitted to escape from the ruptured a’essels before the 
harvesting, \\hen there was little or no agglutination 
visible, the fluid was allowed to stand in an ice bath for 
1 to 2 hours in order to adsorb the virus on to the red cells. 
The supernatant fluid after centrifugation was then re- 
moved. A small amount of 10 per cent horse serum broth 
or of the supemate was added to the sedimented red cells 
from which the virus was then eluted by incubation for 
2| hours at 37° C. with frequent shaking. The cells were 
then removed by centrifugation and the supernatant 
serum broth or allantoic fluid containing the virus was used 
for further passages. When there was a large amount of 
virus as indicated by' strong and immediate agglutination 
of the red cells as the allantoic fluid was remov'ed, suitable 
dilutions of the virus up to 1:100,000 were used for later 
passages. When the allantoic fluid was contaminated as 
evidenced by the dark .discoloration or hemoly'sis of the 
red cells, the adsorption and elution were followed by- 
filtration before further passages were made. The quan- 
tity of virus contained in the allantoic fluid was titrated 
by agglutination of serial dilutions with hen’s cells and it 
was identified by inhibition of this agglutination with type- 
specific A and B immune sera (13). 

Serological tests. These consisted of complement fixa- 
tion (14) and agglutination-inhibition (9, 13) tests. The 
antigens used consisted of influenza A (PR8) and B (Lee) 
as well as the patients’ homologous viruses each contained 
in allantoic fluid of chick-embryo passages. Serial samples 
of acute and convalescent sera were obtainerl from the 
patients in Groups 1 and 2 (see above) and individual or 
multiple samples of scrum were obtained from the re- 
maining patients. The titers are e.\-pres5cd as the recip- 
rocal of the greatest initial dilution of serum giving 2S to 
50 per cent hemolysis in the complement fixation tests 
and almost complete inhibition (0 to l-F agglutination) in 
the Hirst tests. The complement fixation tests were 
carried out in the laboratories of the Department of 
Bacteriology and Immunology of the Harvard Medical 
School. We arc indebted to Dr. John F. Fnders for 
advice and for the use of his fadlities and to Mrs. Jeannette 
Lci'cns and Miss Elizabeth G. .Mills for technical as- 
sistance. 

ISOLi\TION OV VIRUSES FROM ERinEMIC C.^SES 

-Attempts were made to isolate and identify a 
y'irus from materials obtained durin'^ the height 
of the epidemic in 5 cases, including 1 f.ntal c-'ise. 
Throat washin.gs were obtained thiring ihi* ftrst 
or second day of the disease in the living 
and a suspension of lung was obtnini-:! .at atitop y 
from the fatal ca*^.- nn'5 for int.'ana^'d 

inoculations of white mire and for intra-.'il’.mtr.ic 
inoculation in cl’.ich emh'rycr . fLarh of t'e- 
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patients who furnished the throat washings had 
a fever of 102° F. or higher at the time and the 
illness in each case was of more than average, 
severity. In Case 1 and Case 3, the influenza 
was apparently uncomplicated except for transi- 
ent acute sinusitis in the former. In both of 
these cases, the fever subsided and the patient 
was definitely improved about 24 hours after 
the material was obtained. The other 3 patients 
had, or later developed complicating pulmonary 
infections. A resumd of these 3 cases follows. 

Case 2. A IS-ycar-old colored boy was admitted to the 
Boston City Hospital in a comatose condition on the morn- 
ing of December 4. From his mother it was learned that 
he had been well until the morning of December 2 when 
he complained of a "head cold" and stayed home from 
school. He apparently had had severe headache and 
chilly sensations but no coryza. During that day and 
the ne.\t, he felt increasing weakness and prostration and 
asked not to be awakened early the following day. On 
the morning of December 4, however, his mother found 
him comatose in bed, breathing rapidly, with bloody 
frothy material oozing from his mouth and nose and she 
sent him into the hospital. 

The latter findings were still present when the patient 
reached the ward. His temperature then was 104° F., 
pulse 136, and respiration 60 and shallow. There was 
slight dulness bilaterally and showers of medium and 
coarse moist rSles were heard throughout both lungs. 
The rest of the physical e.vamination was essentially nega- 
tive. The leukocyte count was 4650 with 65 per cent 
polymorphonuclear neutrophiles, 33 per cent lymphocytes, 
and 1 per cent each of monocytes and basophiles. X-ray 
of the chest showed both lung fields diffusely infiltrated 
with small fluffy areas of density. 

Much of the material from the nose and throat was re- 
moved by suction and the patient was given o.xygen ther- 
apy soon after entry. He was then given full doses of 
sulfadiazine starting with 5 grams of its sodium salt, 
intravenously. This dose was repeated in 12 hours, after 
which oral dosage of 1 gram every 4 hours was continued 
for another week. Improvement began within a few 
hours, and the patient was afebrile and conscious the fol- 
lowing day. He remained apathetic for another 2 or 3 
days, after which his recovery was steady and complete. 
The physical signs in the lungs cleared rapidly but there 
was still some residual infiltration in the bases of the lungs 
visible by x-ray on December 11. 

The nasopharyngeal washings which were collected 
shortly after entry and contained some of the bloody and 
frothy exudate were used for virus studies. Culture of 
this material showed pneumococcus type 18 in moderate 
numbers. 

Case 4. A 24-year-old nurse began to have chilly sensa- 
tions, malaise, headache, and a general aching feeling on 
the morning of December 13. At the time of admission 
to the ward on December 14, her temperature was 102° F., 


piil.sc 96, and respirations 24, and she felt markedly pros- 
trated. Fxcept for a slightly injected throat, c.varnination 
was essentially negative. Culture of the throat washing.s 
obtained for virus study at this time yielded a scant growth 
of Staphylococcus aureus. The white blood count was 
6700 with 84 per cent polymorphonuclear neutrophiles. 

After a few hours, the patient’s fever .subsided and she 
felt somewhat improved. During the next day, however, 
the temperature ro.se steadily to 10.1.8" and the pidsc to 
140 and the patient again became markedly prostrated. 
A .severe cough with prcstcrnal and left lower chest pain 
began at this time and incrca.sed gradually in severity. 
Sputum w.as scant at first and became increasingly puru- 
lent and copious, with occasional admixtures of blood. 
Signs of diffuse bronchitis and of bronchopneumonia in- 
volving chiefly the Ipft lower lobe became evident and the 
latter was confirmed by .x-my. 

Chemotherapy with full oral doses of sulfapyrazine 
was started at the time of the recurrence of the fever and 
was continued until January 5. The patient began to 
improve after 2 days of this therapy although low grade 
fever, sputum, and signs of a small amount of fluid in the 
left pleura and of consolidation and possibly abscess forma- 
tion of the left lower lobe persisted for 2 weeks. .After 
that time, the patient remained somewhat weak for several 
days, but cough and pain subsided and the lungs cleared 
both to physical and .\-my e.xaminations. Many speci- 
mens of sputum each yielded a copious growth of Staphylo- 
coccus aureus in almost pure culture, but cultures of the 
blood all failed to show any growth.* 

Case A-1. An 18-ycar-old female office worker was 
admitted to the Evans Memorial on December 13. Her 
illness began 2 days previously with the complaint of sore 
throat and slight dysphagia. On the following day, she 
had anorexia, nausea, and vomiting and she became drowsy 
and prostrated. Early on the morning of admission, she 
developed extremely severe jjain across the lower chest, 
a productive cough, and rapidly increasing delirium. In 
this state, she tvas sent to the hospital. 

On arrival, her temperature was 106° F., pulse 175, 
respirations 53, and blood pressure 60/40. She appeared 
critically ill, toxic, markedly cyanotic, irrational, irrespon- 
sive, and incontinent of urine and feces. She was de- 
hydrated and had thick ropy inspissated mucopurulent 
material at the base of her tongue. There was a deep red 
diffuse injection of the pharynx. In the lungs, there w’ere 
signs of patchy consolidation of the right lo.w'er lobe and 
this was confirmed by x-ray which also showed some fine 
mottled infiltration of the middle of the left lung field. 
The white blood count was 1350 with 24 per cent poly- 
morphonuclear neutrophiles, 72 per cent lymphocytes, and 
4 per cent monocytes. Sputum and throat cultures showed 
beta hemolytic streptococcus and Staphylococcus aureus 
and the latter was also obtained from the blood culture. 

The patient failed to respond to treatment with oxygen 
and parenteral injections of sulfadiazine, glucose solutions, 
and various stimulants. Consolidation of the lungs spread 

* A chart showing details of the clinical course and 
therapy in this case is showm elsewhere (15). 
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TABLE I 


Isolations of viruses from cases of clinical influenza during 
and after the epidemic period 



Date of ^ 

1 Virus isolation 

j UnfiUered 

1 Filtered 


Case 





1 



Type 

no. 1 

onset 1 

Date 

" 1 

Source 

Mouse 

Egg j 

Mousel 

1 

Egg 


Epidemic strains 


1 

Dec. 2 

Dec. 3 

Throat 

+ 


+ 

+ 

2 

Dec. 2 

Dec. 4 

Throat 

+ 

+ 

— 


3 

Dec. 5 

Dec. 7 

Throat 

— 

— 

+ 

+ 

4 

Dec. 13 

Dec. 14 

Throat 


+ 

— 

— 

A-1 

Dec. 11 

Dec. 13 

Lung 



0 

+ 


Post-cpidemic strains 


06 

Feb. 2 

Feb. 8 

Throat 

+ 

_ 

_ 

+ 

? 

67 

Feb. 7 

Feb. 11 

Throat 

A- 

+ 


— 

?A 

68 

Feb. 26 

Feb. 29 

Throat 

+ 

+ 


4- 

? 

69 

Mar. S 

Mar, 12 

Throat 

+ 


— 

+ 

?A 

70 

Mar. 6 

Mar. 8 

Throat 

+ 

0 


0 

?A 

71 

Mar. 11 

Mar, 12 

Throat 

+ 

+ 



{A 

A-2 

Jan. 23 

Feb. 1 

Lung 



+ 

+ 

A 

A-3 

Mar. 4 

Mar. 11 

Lung 



+ 


A 


+ = Virus isolated; 0 = Failure; — = Not attempted. 


rapidly and the patient soon developed muscular twitch- 
ings and mild convulsions. She died about 3 hours after 
admission. Autopsy showed diffuse acute hemorrhagic 
bronchopneumonia. Hemolytic streptococcus and Staphy- 
lococcus aureus were obtained from all parts of the lung, 
but not from the cardiac blood. Some of this lung was 
used for the virus studies. 

The results of the virus isolation studies in 
these 5 cases are summarized in the upper portion 
of Table I and the bacteriological findings are 
summarized in Table II. Viruses were obtained 
by direct inoculation of unfiltered throat wash- 
ings into mice in Cases 1, 2, and 4, and into chick 


embryos in Cases 2 and 4. In the latter, the 
allantoic fluids harvested from the first eggs were 
filtered and further passages were carried out 
with the filtrates. Mouse-lung suspensions were 
also filtered before further passage when there was 
bacterial contamination, but this was no more 
frequent in mice originally receiving unfiltered 
lung than in mice which . received filtered 
washings. 

Similar mouse and egg inoculations were done 
with filtered throat washings in Cases 1 and 3 
and with the filtrate of the lung suspension of 
Case A-1. Viruses were obtained in each of 
these attempts with one exception, namely the 
mouse inoculations of the lung filtrate of Case 
A-1. 

The presence of virus was noted in the allantoic 
fluid following the primary inoculation in ever}' 
instance. This was evidenced by the presence 
of various degrees of agglutination of the chick 
cells which were allowed to mix with the allantoic 
fluid by rupturing the blood vessels before the 
fluid was harvested. In most .instances, the 
virus contained in this allantoic fluid was con- 
centrated by adsorption on to these cells and 
eluted into a smaller volume of the supernate, or 
of serum broth, for subsequent passages. This 
procedure was sometimes followed also in later 
egg passages. Whenever there was moderate or 
marked agglutination, however, the eluent was 
diluted for subsequent passages. 

In mice, characteristic lesions were noted in 
the lungs in the second or third mouse passage 


TABLE II 

Predominant organisms in cases of influenza ■ 


Epidemic influenza 

j PoTt-epidcmic 

Case 

Throat 

Sputum 

Cafe 

Throat 

Sp'jturj 

1 

Sir. or; S. au. 


66 

Str. a 


2 

Pn. 18 

Pn. 18 

67 


Pn. 13; Sir.o 

3 

Sir. a 


6S 


Pn. 2S; Sir. « 

4 

S. au. 

S. au. 

69 

Sir. a 

Pn.9 

5 

Sir. 0 

Sir. 0 

70 

Sir. 0 


/ 

Sir. 0; S. au. j 

1 

71 



8 

Pn. 7 

Pn. 7 1 

<2 ! 


S:r. a 

9 


Pn. 8, Pn. 20 i 

74 1 


Pn. 9 

13 

Sir. a 


.A2 1 


S:r. n* 

.\i 

S. au.; Sir. 0 

Sir. S;S. au.* 

A3 

P.n.. 

1 Pn. 1* 


Sir. •» Strcptr<t>a'U‘: S. .iu. •» SLiphylococcus aureus; Pn. — Pneumocorci:'. 

owani-ins obL-iincvI from liirijs .it .iuto?*v, Blcod cul’ure- ut-rc io each ir.'ra-.ce r i r; 0-- 

Cl. .mi. w.K cultured from the bl»;xl licforc dcjUi and in Care .A3 Pn. 1 v.*,s obt.mr.e ! from 0 - b’.xi ilurir.r -- 

c.irduc bsocKl mken auiop<v. 
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in each instance and deaths began to occur in 3 
to 5 days in the mice of the third to the fifth 
passage. The results of both the mouse and egg 
inoculations were similar with the filtered and 
with the unfiltered washings. In the mice inocu- 
lated with the filtered suspension of lung from 
Case A-1, lesions were not obtained after 6 
passages and further attempts were not made. 

The viruses obtained in Cases 1, 2, and 3 from 
both mice and chick embryos were readily 
indentified as strains of influenza A similar to 
PR8. Neutralization tests in mice were carried 
out with antisera prepared in ferrets and rab- 
bits against the PR8 strain of influenza A and 
the Lee strain of influenza B. The influenza A 
serum afforded complete protection against 100 
to 1000 lethal doses of these strains while control 
mice receiving the virus alone and those receiving 
the anti-B serum together with the same amounts 
of virus all died with typical lesions. The 
agglutination of hen’s cells by the strains ob- 
tained in the allantoic fluid in these cases was 
inhibited by influenza A antiserum in high titer 
and only in low titers by influenza B antisera. 
Rabbit sera were used for the latter titrations. 

The egg-passage strains in Cases 4 and A-1 
gave only slightly higher titers of agglutination 
inhibition with anti-A serum than with anti-B 
serum, and thus differed from the previous 
strains. The results of neutralization tests in 
mice with the strains from these 2 cases, however, 
gave results similar to those obtained in the first 
3 cases. Mice were protected from fatal infec- 
tion with these strains by anti-PR8 but not by 
anti-B serum. Further studies of these and 
other strains are now being carried out in 
collaboration with Dr. John F. Enders and Miss 
Elizabeth G. Mills. 

SEROLOGICAL STUDIES IN CASES OF 
EPIDEMIC INFLUENZA 

Blood for serological studies was obtained at 
the time of the throat washings and at intervals 
thereafter in Cases 1 to 4. Serial samples of 
serum were also collected from 7 other patients, 
numbers 7 to 13, who were admitted to the 
Boston City Hospital with characteristic symp- 
toms of influenza which began between December 
1 and 23. They had all been acutely ill and 
febrile within 1 or 2 days of the time the first 


blood was obtained, but the onset of influenza 
had occurred up to 15 days previously. Cases 5 
and 6 are from other hospitals and represent 
patients who had physical and x-ray signs of 
atypical pneumonia which followed symptoms 
of influenza. The latter began on November 14 
in Case 5 and on November 24 in Case 6. 
Except as already mentioned, there were no 
complications in any of these cases other than 
the finding of a few scattered crepitant rfilcs 
which were heard in every case. 

The results of the serological tests with the 
PR8 strain of influenza A in the 13 cases and 
with the patients’ homologous strains in Cases 1 
to 4 are given in Table 111. In 11 of the patients 
the initial serum was obtained 6 days or less 
after the onset of the influenza. The titers of 
complement fixing antibodies against PR8 in 
these initial sera were less than 4 in 4 cases, 8 in 
5 cases, and 16 in 12 cases. The first scrum in 
Case 5 was obtained 10 days after the onset and 
had a titer of 128 and the first scrum in Case 13, 
obtained on the fifteenth day had a titer of 512. 

Subsequent sera all showed a significant rise 
in titer. In Case 12, there was a 4-foId rise 
between the fifth and eleventh days and a 
similar rise from the initial high titer occurred 
between the fifteenth and the eighteenth day in 
Case 13. In 3 other cases, including Case 5, 
there was an 8-fold rise in titer and the remaining 
cases all showed rises which were considerably 
greater.'' 

The mcLximum complement fixation titer 
demonstrated in Case 12 was 32. This was in a 
serum obtained on the eleventh day which was 
the last day of observation. In Case 6, the 
maximum titer was 64 at the time of the last 
observation made on the thirteenth day. In 
the remaining cases, the maximum titers ranged 
from 128 to 2048 and titers of 512 or higher were 
obtained in 6 cases. Of interest is the demon- 
stration of 4- to 8-fold rises in titer after the end 
of the third week in Cases 3, 5, and 7. While 
no special effort was made to determine how 
long the elevated titers persisted, it is worth 
noting that titers of 64 to 512 were still present 
in sera obtained 10 to 12 weeks after the onset 
of influenza in several cases. 

The titers of the agglutination-inhibition tests 
with PR8 roughly paralleled those of the comple- 
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TABLE III 


Results of serological tests in cases of clinical influenza 
observed during the course of the epidemic 


Case 

no. 

Date of 
onset 

Dale of 
serum 

Days 

after 

onset 

Titer vs. PR8 

; Titer of 
A.I. vs. 
own strain 

C.F. 

A.I. 

1 

Dec. 2 

Dec. 3 

1 

16 

16 

8 



Dec. 7 

5 

32 

8 

8 



Dec. 24 

22 

128 

256 

64 



Jan. 31 

60 

64 

128 

128 



Feb. 28 

88 

64 

64 

256 

2 

Dec. 2 

Dec. 5 

3 

<4 

4 

<4 



Dec. 13 

11 

256 

256 

512 

3 

Dec. 5 

Dec. 7 

2 

<4 

4 

4 



Dec. 31 

26 

128 

256 

128 



Jan. 17 

43 

2048 

512 

512 



Feb. 28 

85 

512 

256 

256 

4 

Dec. 13 

Dec. 14 

1 

<4 

8 

<4 



Dec. 20 

7 

64 

256 

16 



Dec. 28 

15 

1024 

512 




Jan. 17 

35 

1024 

512 

256 



-Feb. 28 

77 

512 

256 

128 

5 

Nov. 14 

Nov. 24 

10 

128 

256 




Nov. 27 

13 

128 





Dec. 2 

18 

256 





Dec. 7 

23 

256 





Dec. 10 

26 

1024 

512 




Dec. 20 

37 

512 

256 


6 

Nov. 24 

Nov. 30 

6 

8 

8 




Dec. 7 

13 

64 

64 


7 

Dec. 1 

Doc. 7 

6 

8 

8 




Dec. 12 

11 

32 

32 




Dec. 28 

27 

64 

128 




Jan. 17 

47 

128 

128 




Feb. 21 

82 

256 

128 


8 

Dec. 5 

Dec. 6 

1 

8 

8 




Dec. 13 

8 

128 

32 




Dec. 23 

18 

128 

32 




Feb. 1 

58 

64 

128 




Mar. 1 

87 

64 

128 


9 

Dec. 6 

Dec. 9 

3 

8 





Jan. 4 

28 

512 

256 


10 

Dec. 12 

Dec. 14 

2 

<4 

4 




Dec. 23 

11 

512 

256 




Feb. 21 

71 

256 

32 


11 

Dec. IS 

Dec. 16 

I 

16 

16 




Dec. 30 

IS 

128 

256 




Jan. 17 

33 

256 

128 




Feb. 22 

69 

256 

128 


12 

Dec. 17 

Dec. 22 

5 

8 

* ' 




Dec. 28 

11 

32 

64 


13 

Dec. 25 

Jan. 7 

15 

512 

512 




Ian. 10 

IS 

2048 

512 


- 


Jan. 21 

29 

512 

512 



C.F. •» Complement fixation; A. I. Inhibition of red 
toI ncKliitination (Hir?t). D.-ite<: Nov. .and Dec. 1913; 
J.an. am! 1-cb. !9*i4. Tl'c patient^'* cum viru' 5 trains rverc 
tvdated on the d.ty the first sertim was obutined. 


ment fixation tests. The titers of the individual 
sera were either the same or showed a 2-fold 
difference with the latter test usually giving the 
higher titers. Only occasional sera showed a 
4-fold difference. In Cases 1 to 4, the Hirst 
inhibition titers- with the homologous strains 
showed similar marked rises. There were minor 
differences, however, in the results of tests with 
the 2 viruses in individual serum samples. 

SEROLOGICAL STUDIES IN OTHER GROUPS 
OF CASES 

In relation to the influenza epidemic of 1940- 
41, Pearson et al. (3) obtained sera from patients 
with bacterial pneumonia, admitted to the 
Boston City Hospital during and after the height 
of the epidemic. Serological evidence was ob- 
tained from these cases which indicated that a 
large number of them had had contact with 
influenza A virus and suggested a possible rela- 
tion between the 2 diseases. During the height 
of the present epidemic and for a few weeks 
thereafter, it was noted that bacterial pneu- 
monias were occurring with more than the 
expected frequency and the cases appeared to be 
unusually severe. Similar increases in the inci- 
dence of pneumonia and of its severity, as 
indicated by a higher mortality, were also noted 
elsewhere (5). It was, therefore, of some interest 
to study the scrum of patients admitted to the 
hospital for pneumonia after this epidemic in order 
to obtain evidence of the role being played in these 
cases by the influenza A virus which was obvi- 
ously the predominant agent during the epidemic. 

Almost all of the patients with severe pneu- 
monia observ’^ed during the last half of January’ 
gave a history of an influcnza-Iike infection 
during the epidemic. Sera were, tliercfore, also 
obtained from another group of patient.s who 
did not have pneumonia but gave a history of 
symptoms of influenza during the cpidemir. Tire 
results in the latter cases will be pre.‘^:-nt«l fir.st. 

ANTinODIF.S FOR ISrLUE.XZA .\ OIITAI.Vt;i> AFTt.!; 

THE EPIDEMIC I.V CASi:S wmiOUT P.'.'Ef- 
.MONIA HUT WITH .». IHsTORV OI' 
l.vrLUE.NZ.\ DURi.VG THE 
EPIDEMIC 

Sera were obt.ainc-d N.-twn n j:ir.\:nry 17 Sir.-l 
February- 10 from 13 p-itient^ v. Ivi t 
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for a varietj^ of conditions other than pneumonia, 
but had a history of influenza-like symptoms 
between December 1 and January 10. Single 
samples were obtained in 10 of the cases and 2 
or 3 samples in each of the other 3 cases. The 
interval between the onset of the influenza and 
the time the first or only serum was obtained 
was less than 3 weeks in 3 cases, 26 to 37 days 
in 5 cases, and 44 to 56 days in the remaining 5 
cases. The results arc shown in Table IV. 

TAHLE IV 

Aitlibodies for influenza A {PRS) in serums ohiatned after 
January 15, 1944 from persons Rivinf^ a characteristic 
history of clinical influenza during the epidemic 
(Dec, 1943 and early in Jan, 1944) 


Case 

no. 

1 

Dntc of 
onset 

1 

Dale of 
scrum 

Dny.s 

after 

onset 

1 

Titer s 

C.F. 

•s. PR8 

A.I. 

14 

Dec. 1 

Jan. 22 

52 

16 

8 

IS 

Dec. 5 

Jan. 22 

48 

128 

64 

16 

Dec. 5 

Jan. 24 

50 

128 

64 

17 

Dec. 1 1 

Jan. 24 

44 

<16 

<4 

18 

Dec. 15 

Feb. 9* 

56 

16 

<4 



Feb. 16 

63 

64 

64 

19 

Dec. 18 

Jan. 24 

37 

128 

64 

20 

Dec. 24 

Jan. 22 

29 

64 

32 

21 

Dec. 26 

Jan. 21 

26 

128 

64 

22 

Dec. 27 

Jan. 22 

26 

64 

32 

23 

Dec. 28 

Jan. 28 

31 

512 

128 



Jan. 31 

34 

128 




Feb. 10 

44 

128 

256 

24 

Jan. 4 

Jan. 24 

20 

64 

16 

25 

Jan. 4 

Jan. 17 

13 

' 128 

64 

26 

Jan. 10 

Jan. 21 

! 11 

128 

64 



Jan. 29 

19 

64 

64 



Feb. 1 

1 22 

128 

64 


* The patient was admitted on this date for a recurrence 
of symptoms similar to those of her earlier attach of 
influenza in December. 


In 3 cases, the titer of complement fixation 
with PR8 was 16 or less. In each of these cases, 
the serum was obtained more than 6 weeks 
following the onset of influenza. In 1 of them. 
Case 18, the patient was admitted on February 
9 for a recurrence of symptoms similar to those 
of her original attack of influenza on December 


15. A second scrum obtained 1 week later 
showed a titer of 64, suggesting cither a response 
to the second infection or an anamnestic reaction. 
In 9 of the other 10 cases, the titers were 64 
or 128. 

In Case 23, the titer of the first scrum obtained 
1 month after the influenzal infection was 512 
and 2 subsequent samples each had a titer of 128. 
It is of interest that this patient entered the 
hospital for a Staphylococcus aureus septicemia 
and probably had endocarditis but the original 
focus could not be determined. The portal of 
entry may well have been the respiratory' tract 
and the original staphylococcal infection, though 
symptomlcss, may have been related to the 
earlier influenzal infection. 

The results of the agglutination-inhibition 
tests with PR8 roughly paralleled those of the 
complement fixation tests as in the previous 
cases. Most of the titers, however, showed a 
2-fold diflcrcnce in favor of the latter test. 

These findings suggest that, following a wide- 
spread epidemic of influenza A, significant titers 
of antibodies against the epidemic type can be 
demonstrated in most persons who give a history 
of having had symptoms of influenza during the 
epidemic. The antibodies in the present cases 
were demonstrable for as long as 6 to 8 weeks 
after the onset of symptoms in many instances. 

ANTIBODIES FOR INFLUENZA A IN CASES OF BAC- 
TERIAL PNEUMONIA HAVING A HISTORY OF 
CLINICAL INFLUENZA DURING 
THE EPIDEMIC 

Sera were obtained from 24 patients who 
were in the hospital for severe pneumonia during 
and after the epidemic of influenza. These 
patients all gave a history of having symptoms 
of influenza during the epidemic. The results of 
the serological tests and some of the relevant 
data in these cases are summarized in Table V. 

The onset of the symptoms of influenza in 
these cases occurred between November 24 and 
January 7 and the pneumonia began between 
December 4 and March 1. The interval be- 
tween the onset of the 2 diseases varied. In 11 
cases, the pneumonia began at about the same 
time or within 5 days after the influenza; in 7 
others, the interval was 7 to 16 days; while in 
the remaining 6 cases, the onset of the pneumonia 
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TABLE V 


Antibodies for influenza A {PR8) in cases of severe bacterial fmeumonia occurring during andafter the 
epidemic in patients with characteristic history of clinical influenza during the epidemic 


Case 

no. 

Date of onset 
of influenza 

Date of 
serum 

Days after 
onset of 
influenza 

Titer s-s. PR8 

Relevant facts concerning the pneumonia 

CJ. 

Q 

Onset 

Days after 
influenza 

Organism 

W.B.C. 

27 

Nov. 24 

Jan. 18 

55 

512 

512 

Dec. 31 

37 

S. au. 

6.5-10,0 

28 

Nov. 30 ■ 

Elec-. 11 

11 

128 

64 

Dec. 4t 

4 

Pn. 1(4-) 


29 

Dec. 1 

Jan. 18 

49 

256 

128 

Jan. 1 

31 

Str. ot 

5. 2-5 .4 

30 

Dec. 11 

Jan. 17 

37 

512 

512 

Dec. 11 

0 

Pn. 23* 

10.0-11.4 

31 

Dec. 12 

Jan. 18 

37 

256 

512 

Jan. 12 

31 

Str. a 

9.3-10.3 

32 

Dec. 12 

Dec. 22 

10 

256 

256 

Dec. 15 

3 

Pn. 17 

2.7-5A 

33 

Dec. 15 

Feb. 9 

56 

128 

128 

Jan. 25 

41 

Pn. 8 

15 -22 

34 

Dec. 18 

Jan. 17 

31 

256 

64 

Dec. 25 

7 

Neg. 

22 

35 

Dec. 18 

Jan. 18 

31 

256 

64 

Jan. 1 

13 

Str. a 

6.0-13.2 

36 

Dec. 19 

Jan. 11 

23 

128 

128 

Dec. 19 

0 

Pn. 25(4-) 

4.5-15.0 



Jan. 17 

29 

128 

64 





37 

Dec. 20 

Dec. 29 

9 

64 

64 

Dec. 25 

5 

S. au. (-F) 

5.6-14.9 



Jan. 11 

22 

128 

128 







Jan. 17 

28 

128 

128 







Feb. 9 

51 

64 

64 





38 

Dec. 20 

Jan. 18 

29 

512 

1024 

Dec. 28 

8 

S. au.* 

12 -14 

39 

Dec. 20 

Jan. 17 

28 

128 

128 

Jan. 13 

24 

Pn. 23 

16 

40 

Dec. 21 

Jan. 11 

21 

1024 

1024 

Dec. 22 

1 

S. au. 

8.2-25 



Jan. 18 

28 

1024 

1024 



Pn.3 


41 

Dec. 23 

Jan. 17 

25 

512 

256 

Dec. 30 

7 

S. au. 

4. 1-7.2 

42 

Dec. 23 

Jan. 17 

25 

32 

32 

Dec. 26 

3 

Pn.7(4-) ' 

6.4-15.4 

43 

Dec. 25 

Jan. 17 

23 

64 

64 

Jan. 10 

16 

Pn.2(4-) 

4. 0-7.5 

44 

Dec. 25 

Jan. 18 

24 

128 

64 

Dec. 28 

3 

Pn. 1 

9.2-2S 

45 

Dec. 27 

Jan. 17 

21 

64 

64 

Jan. 10 

14 

Pn. 25 

19 -24 

46 

Dec. 27 

Jan. 18 

22 

128 

64 

Dec. 28 

1 

Pn. 7(4-) 

5.6-1 1. S 

47 

Jan. 2 

Jan. 18 

16 

128 

64 

Jan. 4 

2 

Pn.3(4-) 

5.6-14 

48 

Jan. 2 

Jan. 15 

13 

64 

64 

Jan. 10 

8 

S. au. 

IS 



Jan. IS 

16 

64 

32 





49 

Jan. 3 

Mar. 7 

64 

32 

32 

Mar. 1 

SS 

Str. a 

S.O-IO 

50 

Jan. 7 

Jan. 18 

11 

64 

64 

Jan. 8 

1 

Str. o 

6.4-12.6 


« Died Dec. 11. \ irus isobtion from the lunj attempted bat faik-d. 

( + ) S.ime orpankm obtained from blcxxl culture. 

* Sputum poyitive for tubercle Kidlli in convaleroencc. 

The month? Nov. .nnd Di^ are in 1943, Jan. to Mar. .are 1944. 

“ complement fixation; .\.I. »» inhihitjon of hen’s red cell acniutination (Hint'. 

S. au. = Stanhyloroccu? aureus (hemoK-tic and coamib‘-e pc^itivei. 

" .-Mpha hemolytic st.-x-ptococcus; Pn. •« pneum-.cr.rou< (.N’uml-rr repree-'.!?- the tsp^ . 
\\ .U.C. •» Kanpe of total vihite blcod count dannp the febrile peri-,^1 mee'.-jr.d'''. 
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occurred from 24 to 58 days after the first 
symptom of influenza. 

The predominant organism obtained during 
the pneumonia was a pneumococcus in 12 of the 
cases, Staphylococcus aureus in 5 cases, and both 
a pneumococcus and staphylococcus in 1 case. 
Positive blood cultures were obtained in 6 of the 
pneumococcal pneumonias and in 1 of the 
staphylococcal pneumonias. In 5 cases, the 
predominant organism was an alpha hemolytic 
streptococcus and no significant pathogen was 
recovered from 1 case. In these last 6 cases, the 
signs and symptoms did not differ materially 
from those of the other cases. All of them, 
however, had received sulfonamide therapj' be- 
fore the materials were obtained for culture and 
this may have accounted for the failure to 
obtain more significant pathogens which may 
have been present earlier and accounted for the 
pulmonary lesions. 

Of interest was the finding of leukopenia or of 
low normal leukocyte counts in most of these 
cases during the height of the febrile stage of the 
pneumonia. Leukocyte counts below 5000 were 
obtained in 5 cases, between 5000 and 6500 in 8, 
and between 7800 and 10,000 in 4 cases. Poly- 
nuclear neutrophiles with many immature forms 
predominated in all these cases. Higher counts 
were noted later in the course of the acute illness 
in some of the cases. 

Single specimens of serum were obtained in 
most of these cases during the third week in 
January while a few were obtained at other 
times. In 4 cases, additional sera were obtained 
after a few days. The interval between the 
onset of the influenza and the time the serum 
was obtained varied from 9 to 64 days and was 
more than 31 days in 6 cases. 

The titers of influenza A antibodies in these 
cases were comparable to those obtained during 
convalescence in the influenza cases studied 
during the epidemic. They were generally 
higher than those obtained in the cases with a 
history of influenza but without pneumonia. 
The intervals between the influenza and the 
serum collections were somewhat longer in the 
latter group of cases, but this probably did not 
account for the difference, since some of the later 
sera in the pneumonia cases showed somewhat 
higher titers. 


A tiler of 32 was obtained by the complement 
fixation and agglutination-inhibition tests in 2 
cases. In one of them, the scrum was obtained 
on the 64th day after the influenza, and in the 
other, it was obtained on the twentj'-fifth day 
after the influenza and early in the course of a 
severe bactcremic pneumonia. Of the remaining 
cases, the sera of 12 had titers of 64 or 128 by 
the complement fixation test and 10 had titers 
of 256 or higher. The agglutination-inhibition 
titers were were very similar to those obtained 
by the complement fixation tests. The differ- 
ences in titers of the same sera by the 2 tests 
were similar to those obtained in the 2 previous 
groups of cases. Most of the titers were the 
same or showed a 2-fold difference and only an 
occasional scrum showed a 4-fold difference in 
titer with the 2 tests. 

The serological findings in these cases thus 
corroborated the clinical histories. They indi- 
cate that these patients with severe pneumonia, 
many of whom responded less favorably than 
usual to intensive sulfonamide therapy, had had 
recent infections with influenza A. They sug- 
gest further that the influenzal infection may 
have been a factor not only in the pathogenesis 
of these pneumonias but also in their severity. 

INFLUENZAL ANTIBODIES IN PERSONS WITHOUT A 
HISTORY OF CLINICAL INFLUENZA 

In the latter half of January'^ when most of the 
sera from the latter group of pneumonia patients 
were obtained, a search was also made for other 
patients with severe pneumonia who denied 
having had, during the epidemic, symptoms 
which could be interpreted as those of influenza. 
Very few such cases were found on the wards at 
the time but some were encountered subse- 
quentlyL Sera were obtained from a few such 
cases and from a number of others without 
pneumonia. These served, in a way, as controls 
for the previous 2 groups of cases and supplied 
further data concerning the significance of the 
antibody titers in relation to the history of 
influenza which was obtained. The hospital 
patients and personnel from whom the sera were 
obtained fell into 2 groups; one included those 
from whom a history was elicited of a recent 
simple upper respiratory tract infection con- 
sisting mostly of coryza and cough without 
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constitutional symptoms, or of acute follicular 
tonsillitis; the other group consisted of persons 
who denied any symptoms of respiratory tract 
infections since the outbreak of the epidemic. 

INFLUENZAL ANTIBODIES AFTER SIMPLE UPPER 
RESPIRATORY TRACT INFECTIONS 

Sera were obtained on one or more occasions 
from 15 persons who gave a history of having 
had, between November 15 and February 12, 
symptoms of upper respiratory tract infection 
without the constitutional symptoms of influ- 
enza. Included were 5 patients with pneumo- 
coccal pneumonia of whom 3 had positive blood 
cultures and 1 died. In 1 additional case, alpha 
hemolytic streptococcus was obtained in cultures 
of the sputum during a typical attack of lobar 
pneumonia although its etiological r61e is doubt- 
ful. Among the others were 3 hospital staff 
members, 1 of whom had had follicular tonsillitis, 
and 6 patients who were in the hospital for a 
variety of conditions, including another case of 
acute hemolytic streptococcal tonsillitis. Virus 
isolation was attempted in the latter case and 
was unsuccessful. 

No significant titers or rises in titer of anti- 
bodies for influenza A were found in any of these 
sera. A complement fixation titer of 32 was 
obtained in 6 cases including 2 in which a 
previous serum had a titer of 16. The titers in 
the rest of the cases were 16 or less. Comparable 
results were obtained with the Hirst inhibition 
test. As in the previous cases, the titers by the 
2 tests in the individual sera were in close 
agreement. 

RESULTS IN PERSONS WITHOUT PREVIOUS UPPER 
RESPIR^\TORY TR,\CT INFECTION 

Sera of 26 persons who denied having anv 
symptoms of acute upper respiratory- tract 
infections during the previous 3 months were also 
tested. Most of these sera were obtained be- 
tween January 6 and 24. Included were sera 
from 4 patients with severe pneumonia and from 
several members of the hospital and laboratory 
staff. The maximum complement fi.xation titer 
was 128 in 2 instances and 64 in 2 others, and, 
m each of these 4 c.ascs, the agglutination- 
inhibition titer was 64. The titers in all the 
remaining cas<.-s were 32 or less by either test. 


Here again, the titers in the individual , sera 
obtained by the complement fixation and agglu- 
tination-inhibition tests were in essential agree-' 
ment. In Case 80, an 8-fold rise in titer to 64 
was noted between December 6 and January’’ 17 
although no symptoms of infection had occurred 
in the intervening period. This person handled 
all of the virus-infected materials that ivere 
brought in from the wards for this present study' 
and carried out all of the influenza virus isola- 
tions. None of those who studied the patients 
on the wards and obtained the materials for the 
isolations had any significant titers or rises in 
titer. Three of the cases of influenza, however, 
were in hospital interns, 

INFLUENZAL ANTIBODIES IN POST-EPIDE.MIC 
CASES OF INFLUENZA 

A few of the sera in the last 2 groups were 
obtained in February and early' in March. At 
first, it was felt that the epidemic had subsided 
early in January', since ty'pical cases of influenza 
were not being encountered after that time. On 
February 1, however, evidence was obtained 
that influenza might still be occurring sporadi- 
cally'. On that day', a patient (Case A-2) died 
after only' a few hours in the hospital and, at 
autopsy, showed an acute hemorrhagic broncho- 
pneumonia from which no significant pathogen 
could be obtained. Influenza virus, however, 
was readily isolated from a filtrate of this lung. 
Subsequently, several other cases of clinical 
influenza were admitted to the hospital and 
strains of influenza virus were isolated from 6 
clinical cases, and from the lung of another fatal 
case, in which the symptoms of influenza began 
between January 23 and March 11. 

The symptoms in most of these cases were 
quite characteristic of influenza but the subse- 
quent course in 3 of them was atypic.al. The 
histories of these 3 cases will, therefore, lx,- 
presented briefly. 

One 66. The patient a 45-ycar-o! l coe.g Ki.e 
admitted to the hospital on Februar.- 7. He Isad I.^n in 
ver\' pood health until I weel: p-evinudy ■ah'-n h- hej 
tlipht corj'za without conf-Jtutinn,:! ^yrnptc’n'. On Feb- 
ruary 6, he fuddenly d'-iclopej 'e-,rrr he-,’. y-r.'r.-J- 
ired acht-i and pain* in !;:• L-in-s ant a--; fe-- 

nuent chilU fo'.l'jn-ed In’ fever. Th'-r*- r • 

and ycnawi-h mure!! ipjtun;. Tr,- d 

lure B-a* JO’* F.. pubc 70, and r-'; 'mtj .r. 2>, Ft--;*. 
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for a few rfllcs in the left lower chest, pliysical examination 
was essentially negative. The leukocyte count was 4700 
on that day and 7800 the next day and there was a 
predominance of mature polymorphonuclear neutrophilcs. 
On symptomatic therapy the patient’s temperature drop- 
ped gradually to normal in about 36 hours, but 24 hours 
later, the temperature again rose and thereafter assumed 
a swinging character, ranging from 99 to 101 or 102° daily, 
with pulse remaining below 80, until February 25. Ex- 
cept for headaches and general aches in his legs, there were 
no symptoms accompanying the fever. The cough sub- 
sided after the first day. An .x-ray of the chest taken on 
admission showed slight clouding of the left lower lobe 
but 3 subsequent films, including 1 taken on February 9, 
showed the lungs to be normal. No cause for the con- 
tinued fever could be determined. Tliroat washings were 
taken for virus isolations a few hours after entry. All 
bacteriological studies were negative for pathogenic 
organisms in the sputum, stools, and urine, and sero- 
logical studies for enteric agglutinins, cold hemagglutinins, 
and heterophile antibodies were all negative. 

Case A-Z. A 39-year-old Italian iron worker was 
admitted to the hospital on January 31 complaining of 
breathlessness, cough, and bloody sputum. He was well 
until January 23 when he had a slight ‘‘head cold” and 
then began to feel worn out and depressed with general 
malaise, anorexia, apathy, and a feeling of fullness in the 
head. This continued until January 26 when he had sev- 
eral shaking chills in rapid succession and these were 
followed by fever and cough. Two days later the cough 
increased and became productive of bloody sputum which 
he continued to raise until the time of admission to the 
hospital. At that time, the temperature was 98.4° F., 
pulse 100, respirations 28, and blood pressure 138/88. 
The patient was extremely dyspneic, cyanotic, and breath- 
ing with audible tracheal rales. He was raising copious 
amounts of sputum containing dark red blood. There 
was diffuse dulness of both lungs and loud bubbling rales 
were heard. X-ray showed diffusely scattered nodular 
consolidation throughout both lung fields. The white 
blood count was 19,000 with 88 per cent polymorpho- 
nuclear neutrophiles. The patient died within a few hours. 
Autopsy showed a diffuse hemorrhagic bronchopneumonia 
which is described elsewhere (1). Some of the lung was 
used for virus isolation. 

Case A-3. A 61-year-old painter was admitted in a 
moribund condition on March 6 and died a few hours later. 
From his relatives it was learned that he had felt unusually 
tired during the preceding 2 months. One week before 
entry, he had symptoms which might be interpreted as 
those’ of clinical influenza. This, however, did not keep 
him from work. On, March 4, while at work, he had a 
severe shaking chill and, by the time he reached home, 
he felt markedly feverish and prostrated. On the next 
day, he had chilly sensations, pain in the right lower 
chest which was severe and pleuritic m character, and 
cough productive of large amounts of dark rusty sputum. 
These symptoms increased in severity. 

. On arriving at the hospital, the patient s temperature 
was 103° F., pulse 136, respirations 42, and blood pressure 


158/78. He was markedly dyspneic and cyanotic, cough- 
ing and raising rusty sputum, grunting with obvious 
pleuritic pain. There were signs of frank consolidation of 
the right lower lobe and diffuse moist rillcs throughout the 
rest of the lung. 7'hc leukocyte count was 2000 of which 
60 per cent were polymorphonuclear neutrophiles, most of 
them immature. The sputum was loaded with type I 
pneumococci in pure culture, both by direct Neufcld test 
and by tlircct culture, and the same organism was cultured 
from the blood. In spite of oxygen, intravenous sulfon- 
amides, antipncumococcic scrum, and penicillin, the pa- 
tient failed to register improvement and died 10 hours 
after entry. Autopsy showed lobar pneumonia of the 
right lower lobe, seropurulcnt effusion of the right pleura, 
and a hemorrhagic congestion of the rest of the lung. 
Some of this hemorrhagic lung was used for virus isolation. 
Type 1 pneumococcus was obtained from cultures of the 
heart's blood, all lobes of the lungs, and the pleural fluid. 
Details of the pathology are given elsewhere (1). 

The results of the attempts to isolate virus in 
these 8 cases are summarized in the lower part 
of Table I and the bacteriological findings are 
listed on the right hand side of Table II. The 
viruses were isolated with about the same ease as 
in the epidemic cases. They were obtained from 
unfiltered and filtered materials, both in mice 
and in chick embryos. In Case 70, however, one 
attempt with unfiltered material and another 
with the filtered washings in eggs were abandoned 
as failures. The former was contaminated with 
hemolytic streptococci and caused early deaths 
of the embr>'os. Virus was obtained from the 
same unfiltered washings in mice. 

The viruses isolated from the fatal cases gave 
typical serological reactions of influenza A when 
tested with immune rabbit serums. All the 
others gave atypical reactions although none of 
them reacted to a higher titer with anti-B than 
with anti-A serum. A study of these strains and 
their relationship to typical strains of A and B 
virus as well as to the epidemic strains, is now 
in progress. 

In Table VI are shown the results of tests for 
influenzal antibodies in these 8 cases and in 3 
other cases of clinical influenza which were ob- 
served at the same time but in which virus 
isolations were not attempted. The poor anti- 
body response in this group of cases is in sharp 
contrast to the definite and sharp increase in 
influenza A antibodies in the epidemic cases 
shown in Table III. In only 1 case in the 
present group was there a 4-fold rise in titer 
against the homologous virus and none showed 



STUDIES ON INFLUENZA 


203 


TABLE VI 

Influenzal antibodies in clinical cases of influenza occurring between January 23 and March 11, 1944 


Case no. 

Date of onset 

Date of serum 

Days 

after 

onset 

Titers of influenzal antibodies 

PR8(A) 

Lee(B) 

Homologous 

i 

C.F. 

A.I. 

C.F. 

A.I. 

C.F. 

A.l. 

66 

Feb. 5 

Feb. 8 

2 

<8 

16 

<4 

8 

8 

128 


Feb. 16 

10 

<8 

32 

<4 

4 

8 

128 



Feb. 28 

22 

8 

16 

<4 

4 

8 

128 



Apr. 12 

66 

<8 

16 

<4 

8 

8 

128 

67 

Feb. 7 

Feb. 11 

4 

32 

16 


8 

<8 

<4 



Feb. 17 

10 

32 

16 


8 

<8 

<4 



Mar. 2 

24 

32 

16 


8 

<8 

4 



Mar. 22 

44 

32 

16 


4 

<8 

8 

68 

Feb. 26 

Feb. 29 

3 

8 

64 

32 

32 

16 

64 



Mar. 7 

10 

8 

128 

32 

32 

16 

64 



Mar. 14 

17 

8 

128 

32 

32 

16 

64 



Mar. 21 

24 

8 

128 

32 

32 

32 

64 



Apr. 12 

46 

8 

128 

32 

32 

16 

64 

69 

Mar. S 

Mar. 12 

7 

<8 

16 

<4 

16 

<8 

8 



Mar. 18 

13 

<8 

32 

<4 

16 

<8 

16 



Mar. 28 

23 

<8 

32 

<4 

8 

<8 

16 

70 

Mar. 6 

Mar. 8 

2 

<8 

32 

<4 

8 

<8 

16 



Mar. 20 

14 

<8 

32 

<4 

8 

<8 

16 



Apr. 12 

37 

8 

32 

<4 

8 

<8 

16 

71 

Mar. 11 

Mar. 12 

1 

<8 

16 

8 

8 

<8 

8 



Mar. 27 

16 

<8 

16 

8 

8 

<8 

16 

72 

Jan. 24 

Jan. 31 

7 

8 

<4 


<4 





Feb. 7 

14 

8 

<4 


<4 



73 

Jan. 27 

Feb. 8 

12 

<16 

4 


16 





Feb. IS 

19 

16 

4 


16 





Feb. 23 

27 

16 

8 


16 





Mar. 7 

40 

16 

8 


32 



74 

Feb. 23 

Mar. 1 

7 

8 

64 


4 





Mar. 8 

14 

8 

64 


4 



A2 

Jan. 23 

Feb. 1 

9 

16 

8 


4 


4 

A3 

Mar. 4 

Mar. 6 

2(?) 

64 

64 


2S6 


256 


Note: In Cases 67, 73, A2, and A3, the C.F, tests with PR8 were done 3 to 4 months before die corrcspondinr A. I. 
tests. In all other instances, the 2 tests were done on the same sera, simultaneously. In Case 74. there was i’n. 
pneumonia, onset Feb. 28. In Cases A2 and A3, viruses were isolated from the lunps at autopsy. The sera in thfe 2 
cases were obtained on the day of death. 


more than a 2-fold rise in titer of PR8 antibodies. 
Fiirthennorc, a titer of 64 or higher with any of 
the viruses was obtained in only 4 cases, in- 
cluding 1 that was fatal. The others showed no 
significant titers or rises in titer with their own, 
the PRS, or the Lee strains. 

RESULTS OF TESTS FOR INFLUE.N'7_\ It ANTIltODlES 

Tests for influcnr.a li antibodies were done by 
the agglutination-inhibition methoi in almost all 


of the sera. .Ml of the acute .and convalescent 
sera from the epidemic and post-epidemic race-, 
were included. The Lee strain of infiiienra B 
was used in these tests. The rr-<ults are ‘sum- 
marized in Table VII according to th" v.-irious 
groups of cases. M.a.vimum titi-r*^ of 6? or 
higher were obtained in only 5 rase-s. .a* Ld'o A ■ : 

Caze 21. (T.-.M- IVt Ir.f;-j*arj 2' 

S-rum of 31 ir-irl v-uh I'.us r-r. 

12S ar.'j 6i !,y cr '-.y'rrreru. I'luV'a rr ' - : 
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TABLE Vll 


Results of Hirst iuhibitiou tests with the Lee strain of 
influenza /} in 6 firoups of rases 


Group 

Lifted in 
table 

Maximum titer 

Total 

<8 

8 

1 

16 

32 

f.i 

128 + 

I 

III 

2 

1 

6 

4 



13 

11 

IV 

3 

2 

3 

3 

1 


12 

III 

V 

2 

5 

10 

4 



21 

IV 

if 

2 

3 

6 

3 

1 


15 

V 

£ 

1 

8 

10 

5 

I 

1 

26 

VI 

vi 

3 

4 

1 

2 


1* 

11 

Total 


13 

23 

36 

21 

3 

2 

98 


* Titer 256. 

if These tables omitted to conserve space. Group IV 
includes the persons who Rave a history of simple respira- 
tory infections and Group V includes tliose who denied 
having any upper respiratory tract infections. 

inhibition, respectively. The inhibition titer with the Lee 
strain was 64. 

Case 51. Common cold (?) began December 26 and 
pneumococcus type 7 pneumonia began January 29 and 
was complicated by pneumococcal cndoairditis. The 
sera of February 19 and 28 had titers of 64 and 32, re- 
spectively, of iniiibition with the Lee strain. The titer 
against PR8 in both sera was 16. 

Cases 85 and 97. The titers with the Lee strain in sera 
of January 22 and February' 9, were 64 and 128, respec- 
tively. The former was from a case of peptic ulcer and 
the latter from a case of lung abscess. Both had titers of 
16 or less against PR8. There was no history of recent 
upper respiratory' tract infection in either case. 

Case A-3. (Table VI) In this case, the scrum taken 
shortly before the patient died had a titer of 64 when tested 
with PR8 and with the homologous strain isolated from 
the lung. The titer against the Lee strain was 256. 

In none of these cases was a significant rise in 
titer demonstrated. In Case 11, however, there 
was a 4-foId rise during convalescence from an 
original level of 8. This was one of the epidemic 
cases and the same sera showed a rise in titer 
against PR8 from 16 to 256 by the complement 
fixation test and from 32 to 128 by the inhibition 
test. 

It is apparent, therefore, that significant titers 
of influenza B antibodies were uncommon and 
some of the few that were encountered were 
associated with high titers of influenza A anti- 
bodies. Significant rises in titer to influenza B 
were not demonstrated in any case. 
Indeed, the marked rises in titers against influ- 
enza A were accompanied by a slight rise in titer 
against the B strain in only 1 case. 


niscu.ssioN 

The comparative case with which isolation of 
virus was accomplished, both in the clinical cases 
and from the autopsy material during and after 
the height of the epidemic, is worthy of note. 
Two methods were used which in this laboratory 
have proved the simplest and most successful. 
The first is the intranasal inoculation of white 
mice and serial passage of lung suspensions. The 
second is the intra-allantoic inoculation of chick 
embryos followed by similar passage of the 
allantoic fluid. Both filtered and unfiltered 
materials were used in the first instance and 
yielded similar results. Filtration of lung sus- 
pensions or allantoic fluid was frequently neces- 
sary before subsequent passages when bacterial 
contaminants were encountered but these did 
not usually alTcct the virus content materially. 
In some of the later attempts, the initial inocu- 
lations of infected throat washings, sputum, or 
lung suspensions were immediately preceded by 
the injection of 2.5 to 5.0 mgm. of sodium 
sulfadiazine and 250 units of penicillin contained 
in 0.1 ml. of distilled water, intra-abdominally in 
mice and into the allantoic sac of the chick 
embry'os. This permitted successful isolations 
from heavily infected materials such as sputum 
and lungs from cases of pneumonia. Similar 
results in this epidemic have been obtained with 
throat washings in chick embryos (16). 

At first it was felt that it was essential to 
obtain materials for virus isolation during the 
first 2 days of illness and the 4 epidemic cases 
were so chosen. In later cases, however, isola- 
tions were accomplished from washings obtained 
on the third to the seventh day. This was 
considered possible after virus had been isolated 
from the lung in Case A-2, in yvhich death 
occurred on the ninth day after the onset of the 
influenza. In a previous sporadic case, influenza 
A virus was isolated from the lungs of a patient 
who died on the seventh day (1). In the present 
study, the determining factor in the choice of 
clinical cases for virus isolation was that the 
patients were still acutely ill with typical symp- 
toms of influenza and had a temperature of 
102° F. or higher at the time when the material 
was collected. On the whole, the patients from 
whom viruses were isolated represented cases of 
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more than average severity and a large propor- 
tion of them had pulmonary complications. 

Isolations of influenza A from the lungs of 
cases dying of staphylococcal pneumonia compli- 
cating influenza have been previously reported 
in one case (17) and in 3 cases (18). Presump- 
tive evidence of the presence of influenza A virus 
was obtained (3) from the lung in a case of 
mixed staphylococcal and streptococcal pneu- 
monia which occurred at the Boston City 
Hospital during the 1940-41 epidemic (19). 
During March and April 1943, influenza A virus 
was isolated from the lungs of 2 sporadic cases 
as already mentioned. One of them was a case 
of staphylococcal pneumonia, and no significant 
bacterial pathogen was obtained from the second 
case (1, 2). During the present study, influenza 
virus was isolated from the lungs in 3 fatal cases 
of pneumonia, one infected with Staphylococcus 
aureus and beta hemolytic streptococci, a second 
with type I pneumococcus, and a third in which 
no definite pathogen was found and only a few 
alpha hemolytic streptococci were obtained in 
cultures of the sputum and the lung. 

The identity of most of the viruses isolated 
from cases during the height of the epidemic was 
readily established as influenza A both by 
neutralization tests in mice and by agglutination- 
inhibition tests with influenza A (PR8) and B 
(Lee) antisera. The reactions of these viruses 
closely resembled that of PR8 e.xcept those from 
Case 4 and Case A-1 which reacted to a con- 
siderable, though lesser degree with the influenza 
B antiserum. The antibody response of the 
epidemic cases was, on the whole, quite char- 
acteristic of infection with a strain resembling 
PR8, In the 4 clinical cases from which \drus 
was isolated, furthermore, the antibody response 
to PRS in each instance closely paralleled that 
obtained against the homologous strain of virus. 
These findings, though not very axtensive, sug- 
gest that the agent responsible for most of the 
cases during the height of the epidemic, at least 
the .severe ones among them, was an influenza A 
virus resembling PRS. 

In the post -epidemic cases, on the other hand, 
lioth the viruses isolatetl and the antibody 
resjxmses obss'rved were quite different. Sharp 
incre.ast's in antibody titers .against PRS were 
not encountered. Indeitl, only minor rises in 


titer, or none at all, were demonstrated, even 
against the homologous viruses. Some of the 
latter, although they reacted with PRS anti- 
serum in moderate or high titer, also reacted 
with the type B (Lee) antiserum to the same 
degree or only slightly less. Wide antigenic 
differences among strains of influenza A have 
also been noted by several investigators (20 to 22) 
and among strains of influenza B by another (23) . 
In the present study, the fact that the atypical 
viruses and antibody responses were obtained, 
for the most part, some time after the height of 
the epidemic, suggests the possibility that the 
antigenic properties of the epidemic strain may 
have been modified, either by repeated passage 
in non-susceptible individuals or by prolonged 
residence in the hosts before manifest infection 
took place. Alternatively, it could be assumed 
that these viruses were merely latent ones which 
the patients were harboring as carriers and 
which had no relation either to their disease or 
to the epidemic, but this explanation seems less 
likely in view of the characteristic symptoms in 
these cases. The antigenic properties of both 
groups of viruses and their relationship to each 
other and to other influenza viruses is now under 
investigation in collaboration with Dr. John F. 
Enders and Miss Elizabeth G. Mills. 

The isolation of influenza viruses from the 
lungs of fatal cases of bacterial pneumonia serv'cs 
also to emphasize the significance of the finding 
of influenzal antibodies in high titers in other 
severe cases of pneumonia, observ'ed during and 
after the height of the epidemic. Similar though 
less definite findings were reported (3) in the 
serum of cases of pneumococcal and staphylo- 
coccal pneumonia occurring at this ho.spital 
during the influenza epidemic of 1940-41. The 
possible relation of the influenza .A virus to the 
pulmonary’ infections was suggested at that time 
and this suggestion is fully supported In- the 
present findings. .As in the prerious epidemic 
(24), an unusual numlx-r of cases of Staphylo- 
cocais aureus pneumonia again occurred as 
complications of the influenz-a and some of them 
were fulminating in character. The rarity with 
which hemolytic streptocrxcal romplir/itions 
occurred in the last 2 epidi-mic'- in •‘h.arp 
contrast to tlieir wcll-hnown preval- nce in the 
pandemic of 19IS. 
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High antibody tilers for influenza A were 
obtained in the patients with pru'innonia and 
in the other persons who gave a liistory of the 
symptoms of influenza during tlic epidemic. 
These arc in sharp contrast to the low liters 
observed at the same time in persons wlio had 
symptoms of a common cold or of tonsillitis and 
in those who denied having had any s\'mptoms 
of upper respiratory tract infection during the 
epidemic. This stands out clearly in the sum- 
mary of the maximum titers of influenza A 
antibodies which were obtained in the different 
groups of cases, as shown in Table VIl I. To be 
sure, there were individual instances of high 
titers among the persons without influenza and 
of comparatively low titers in :ome of those who 
had symptoms of the disease, but these were few. 
The contrast between these groups of cases 
appears to be significant and the combinations 
of the high titers and the symptoms probably 
represents the result of influenzal virus infection 
during the epidemic. The findings also suggest 
that other simple respiratory' infections may occur 
during an epidemic of influenza and many of them 
probably can be differentiated from the influenza 
cases both clinically and by their failure to 
elicit the proper antibody response. It is of 
interest that antibody titers in the post-epidemic 
cases of influenza when viewed as a group in this 
perspective, correspond more closely to those 
found in the non-influenza groups of cases, again 
emphasizing the atypical character of these 
post-epidemic cases. 

It has been noted, in connection with each of 
the groups of cases, that the titers of PR8 
antibodies obtained in the individual serums by 


both the com{)l(!mcnl fixation and by the agglu 
tinntion-inhibilion tests were in close agnaaTient 
Mf)st of th(“ differencf's that were noted indicater. 
a 2-folfl higher titer with the ff)rmer. 'riicse 
fiiulings are in essential agreement with those of 
atiother worker (20) wIkti account is taken of 
the rlifferent melhofls of expressing the tit(?rs 
used by this author for th<' 2 tests. In reviewing 
the present data, and after re[)eating a number 
of the tests, it became evident that most of the 
large discrepancies could be accounted for by 
the deterioration of the influenzal antibodies in 
the sera on storage at refrigerator temperatures 
(5 to 10° C.), and, in addition, contamination 
may have accounted for some of them. H.xccpt 
in some of the i)ost-epidemic cases listed in 
Table VIII, the conijilement fixation titers were 
all carried out within 2 months of the time when 
the sera were collected. The agglutination- 
inhibition titers were done from 3 to 5 months 
later. The validity of the complement fi.xation 
titers is attested by the fact that a simultaneous 
control serum preserved at —72° C. retained its 
high titer throughout and a number of the sera 
showed the same titers when retested within the 
first 2 months. 

A number of the sera were later retested with 
the same preparation of PR8 virus and both 
tests run simultaneously. This time most of 
the sera showed lower complement fixing titers 
than in the tests done 5 months previously 
and many of them gave 8- or even 16-foId 
titers by the agglutination-inhibition test. In a 
few sera, however, the titers were the same with 
both tests. The titers of agglutination-inhibi- 
tion obtained in the later tests of these sera were 


TABLE vm 

Maximum liters of antibodies for influenza A {PRS) in 6 groups of cases 



* See Table 7. 
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essentially the same as those found at the time 
of the previous tests which were done 1 to 2 
months previously. Discrepancies, however, 
were noted occasionally with this test when 
different preparations of virus were used as 
previously observed by others (25). 

From these observations, it was inferred that 
the antibody titers probably had deteriorated on 
storage, and, in a few instances, because of 
contaminations. The findings also suggested 
that the rate at which the deterioration took 
place varied markedly in the individual sera. 
Possibly also, the 2 antibodies deteriorated in 
some sera at different rates, but this aspect 
requires further study. The absolute values 
shown for the agglutination-inhibition titers 
may, therefore, not represent the actual titers 
originally present in those sera. This, however, 
does not detract from the value of the observa- 
tions made since most of the inhibition tests were 
carried out within a brief period. Furthermore, 
the results of these tests corresponded quite 
closely with those obtained by the complement 
fixation tests which were carried out some time 
previously. The findings, however, suggest that 
for the most reliable results and comparisons, 
tests for influenzal antibodies should be carried 
out within a short time after the sera are col- 
lected. Special care is probably required for 
the preservation of the sera in order to avoid 
deterioration of these antibodies. 

SUMMARY AND CONCLUSIONS 

Influenza viruses were isolated early in the 
course of the disease from throat washings and 
also from the lungs of fatal cases of pneumonia, 
both during and after the height of the epidemic 
of influenza which occurred in Boston in Decem- 
ber 1943 and early in January' 1944. Successful 
isolations were made from filtered and unfiltcrcd 
materials, both by the intranasal inoculation of 
mice and by allantoic inoculations in chick 
cnibrj'os. 

The reactions of the \nruses obtained during 
the height of the epidemic and the antibexiy 
re.'ponse to characteristic infections occurring at 
that time indicated that the epidemic cases were 
causcxl chiefly bv strains of influenza A similar 
to PRS. 


The post-epidemic cases were atypical, not 
only with respect to the viruses which were 
isolated from some of them but particularly in 
their antibody responses, both to their own 
strains and to the standard PRS strain. 

No definite evidence of infection with influenza 
B was obtained in any of the cases studied, 
either during or after the epidemic. 

In the sera of persons who gave a character- 
istic history of influenza during the epidemic, 
significant titers of antibodies to the PRS strain 
of influenza A were demonstrated for as long as 
12 weeks after the onset of these symptoms. 
Such significant titers were not demonstrated 
during the same' period in cases of pneumonia 
nor in other persons who either denied having 
any symptoms of acute respiratory infection or 
had symptoms which could be recognized as 
those of the common cold and not influenza. 

These findings suggest that characteristic 
clinical histories and serological findings obtained 
as long as 2 or 3 months after a definite epidemic 
of clinical influenza may serve to differentiate 
most, but not all of those who, during the height 
of the epidemic, were infected with influenza 
virus from those who had other types of respira- 
tory infections. The same does not hold true 
for acute respirator\' infections which occur after 
the epidemic has subsided. 

Of particular interest were the high titers of 
antibodies to PRS that were demonstrated in 
severe cases of bacterial pneumonia which oc- 
curred during and shortly after the epidemic and 
in which there was a recent historr’ of clinical 
influenza. These findings and the isolation of 
influenza varus from the lungs in 3 fatal cases 
suggest that the occurrence and severity of the 
pneumonia in such cases is related to the ante- 
cedent infections with the influenza virus. 

The most frequent organisms obtainc<i in the 
pneumonias which followed influenza were pni u- 
mococci of various types and S’.nphylococfui 
aureus. Xo significant bacterial pathogen could 
l>e recognized in .some of the pneumonia c-a*-/ ^ 
including a fatal one in which a vi.-ue v. as 
rccovcrcfJ from the lung. Both S'.'zph-y.crr'C'.i: 
aureus and hcmoh.’tic 5tr< ptocciccu=^ '.V'-re <■>’>- 
Lained from one of tlw ot.he.'" fata! cao-s .-md !v;.- 
1 pncumoccK'CU' v.-as cultured from the trdfd. 
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Comparable resuUs were obtaiiicfl in this 
slucly with the complement fixation am! aj^^ln- 
tination-inhilhlion tost?. 

Evidence wa.s also obtained that innnenzal 
antibodies may deteriorate after a few months 
in sera stored at 5 to 10° C. 
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“Primary atypical pneumonia, etiology un- 
known” (1) is one of many terms used to desig- 
nate an acute respiratory infection which has 
been widely prevalent in recent years. The ill- 
ness is characteristically gradual in onset, with 
constitutional as well as respiratory symptoms, 
and pulmonary changes more manifest in roent- 
genograms than by physical examination. The 
course of illness varies considerably in duration 
and severity. Complications are uncommon and 
although convalescence is frequently protracted 
the illness almost invariably terminates with 
complete recovery. Therapy with sulfonamide 
drugs is not effective. 

Contemporary interest in this form of pneu- 
monia was aroused by several fairly recent re- 
ports (2 to 4), although one author (5) had ob- 
served patients with a similar illness several 
years earlier. Numerous other descriptions and 
investigations of primary atypical pneumonia 
have since been published, and have been re- 
viewed recently (6 to 9). In some of these re- 
ports, unusual outbreaks of acute respirator)' 
illnesses described during the past centur)' were 
cited to show that primar)' atypical pneumonia is 
probably not a new disease. Nevertheless, it is 
apparent from these reports that, in recent )'ears, 
the incidence of the disease has actually in- 
creased. The rate of its occurrence in the chdl- 
ian population is not known. In the armed 
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forces, however, it has appeared to be more pre- 
valent than the pneumococcal pneumonias and 
the total number of man days lost as a result has 
been considerable. 

The term “primary atypical pneumonia” has 
been useful in distinguishing the syndrome under 
discussion from clinically similar illnesses due to 
known infectious agents (10) such as Rickettsia 
diaporica (11) and members of the psittacosis 
group of viruses (12, 13). 

Although primary atypical pneumonia has 
been frequently referred to as “virus pneumonia” 
and most investigators have considered it to be 
of non-bacterial origin, the causative agent, or 
agents, in the majority of cases has remained 
obscure. The recover)' of a number of different 
viruses (14 to 18) from certain patients with 
primary atypical pneumonia has been reported 
but the importance of any of these agents in the 
pathogenesis of the disease has not been es- 
tablished. 

An investigation of primarj- atypical pneu- 
monia has been carried out continuously at the 
Hospital of The Rockefeller Institute .since 
Februaty-', 1942. Because of circumstances which 
afforded extensive clinical as well as laboratory 
facilities, it was possible while investigating the 
pathogenesis of primary atypical pneumonia to 
conduct al.'TO an appraisal of its clinical aspects. 
An effort was made to correlate these two lines 
of investigation and to study each patient in as 
comprehensive a manner as possible 

Recently, a non-hemolytic streplocrxrcu.s. i.‘-'>- 
lated from the lungs of 2 {latient*^ ’.vlio di'-l of 
primary atypical pneumonia, was found to react 
with sera obtainc-d. du.ring conv.ile corrc'-, front 
other patient.s with thi= illne"- but <!:'i r;'>t rr.-ic' 
with sem obtainetl rlurirrg tb" .acute st.ige d 
dise.ase (19). For CYxnveni- :;re in fer* :;cr-. 
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microorganism has been designated streptococ- 
cus MG. Because of the possibility that strep- 
tococcus MG might have more than an inci- 
dental association with primaiy atypical pneu- 
monia, the properties of this microorganism and 
its relation to the disease were investigated. 
The bacteriological and serological characteris- 
tics of streptococcus MG arc described in 
separate communications (20, 21). The special 
techniques for isolating streptococcus MG from 
the respiratory tract of human beings and an 
extension of the original obscr\’’ations concerning 
the relation of this microorganism to primary 
atypical pneumonia arc described in the accom- 
panying paper (22). 

It is the purpose of the present paper to de- 
scribe the clinical features of primary atypical 
pneumonia as obscrv'cd in patients studied in the 
Hospital of The Rockefeller Institute, to present 
the results of various investigations pertaining 
to the disease, and to correlate some of these 
findings with the studies concerning streptococ- 
cus MG which have been referred to above (20 
to 22). 

From August 1, 1942, to March 2, 1944, 180 
patients were admitted to this hospital with 
acute respiratory infections suspected to be 
primary atypical pneumonia. In each case, a 
careful and detailed record was made of the 
clinical features. Roentgenograms of the chest 
were made at frequent intervals and numerous 
clinical laboratory studies were carried out. In 
addition, samples of serum were obtained re- 
peatedly throughout the illness and were stored 
at 4° C. for use in serological tests. Specimens 
of plasma, sputum, and nasopharyngeal wash- 
ings, as well as specimens of pleural or cerebro- 
spinal fluid, were examined immediately after 
they were obtained and portions of each speci- 
men were preserved at -70° C. for use in subse- 
quent investigations. 

From the completed records of these 180 pa- 
tients, 106 were selected on the basis of clinical 
and laboratory criteria as representative ex- 
amples of primary atypical pneumonia. The 
criteria used for selection permitted the inclusion 
of only those patients who showed each of the 
following findings: (i) acute febrile respiratory 
disease ; (2) pulmonary consolidation demon- 
strable by x-ray; and (S) adequate clinical and 


laboratory evidence that, the pneumonia was not 
due to pneumococcus or other microorganisms 
of recognized pathogenicity. 

Ninety-five of the patients were male and 11 
were female. All patients were young aflults. 
These patients came from widely separated 
areas and had been exposed to multiple and 
diverse sources of infection. Nevertheless, as 
a group, they exhibited a remarkable degree of 
clinical homogeneity. 

Cr.rXICAL FF.ATURKS 

The clinical features of primary' atypical 
pneumonia, as obscrv'cd in these 106 patients, 
were on the whole similar to those which have 
been described in other reports. The onset of 
illness was gradual in 73 per cent of the patients 
and, in contrast to lobar pneumonia, was usually 
ill-defined. Constitutional symptoms generally 
preceded those referable to the respiratory tract. 
In many instances, the initial complaint, vari- 
ously described by the patient, suggested a 
combination of lassitude, weakness, and fatigue. 


TABLE I 

Symplovjs in 106 patients with primary atypical pneumonia 


General 


Patients 


Symptoms 

Number 

Per cent 

Headache 

69 

65 

Malaise 

65 

61 

Chills or chilliness 

63 

59 

Generalized aches 

30 

28 

Anorexia 

37 

35 

Nausea 

30 

28 

Vomiting 

25 

24 

Cough 

104 

98 

Sputum 

87 

82 

Bloody sputum 

27 

25 

Sore throat 

32 

30 

Chest pain 

Substernal 

25 

24 

Lateral 

16 

15 

Epistaxis 

16 

15 

Dyspnoea 

5 

5 


In Table I, the commoner sj'^mptoms have been 
listed, together with the frequency of their oc- 
currence. Chills, fever, headache, and cough 
developed early and occurred frequently. Shak- 
ing chills were rare but sensations of chilliness, 
sometimes recurring, were experienced by 59 
per cent of the patients. Headache, usually 
generalized but sometimes predominantly fron- 
tal, occasionally associated with photophobia, 
and ranging from mild to extremely severe, oc- 
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curred in 65 per cent of the patients. Aching 
of the trunk and extremities was present in only 
one-fourth of the patients and as a rule was mild. 
About a third of the patients exhibited an ap- 
preciable degree of anorexia and nausea. Vomit- 
ing occurred at some stage of illness in one- 
fourth of the patients but this symptom was 
never a conspicuous or severe manifestation of 
the disease. 

Cough, one of the most constant and charac- 
teristic features of primary atypical pneumonia, 
was present in all but 2 of the 106 patients. In 
some instances, this was the first symptom to 
appear; in others, it developed gradually after a 
lapse of several days. Frequently, it became 
paroxysmal and exhausting. Coughing, al- 
though dry at first, was ultimately productive 
of sputum in 82 per cent of the patients. The 
sputum of one-fourth of the patients contained 
blood, usually, however, only as streaks or 
traces. ■ Grossly bloody or “rusty” sputum was 
uncommon. Sore throat when present was 
rarely severe, and, in many instances, appeared 
to result from the irritation of coughing. 

In association with the cough, about one- 
fourth of the patients experienced dull, burning, 
or oppressive substemal discomfort. Less fre- 
quently, sharper pains developed which were 
referred to the thora.x laterally. 

Epistaxis occurred in 16 patients and syn- 
cope in 3. Several patients complained of 
transient numbness and tingling of the extremi- 
ties. Abdominal pain was only an occasional 
and then unimpressive complaint. 

1 he results of physical c.vaminations of these 
patients are summarized in Table II. On ad- 
mission, most of the patients did not appear to 
be very ill. An elevation of temperature was 
noted during hospitalization in all but 5 in- 
stances. Cyanosis was rarely present, and 
herpetic lesions were observed in only 3 in- 
stances. Respirations were usually normal in 
rate and seldom labored. Tacln-pnca was seen 
in only 14 of the more severely ill patients. Re- 
lative bradycardia, however, obscr\'ed in over 
two-thials of the patients, was a frequent finding 
during the early febrile phase of illness, and a 
feature of considerable diagnostic assistance 
in distinguishing clinically between this sv-n- 
dronie and pneumococcal pneumonia, Signifi- 


TABLE ir 

Abnormal physical signs in 106 patients with 
primary atypical pneumonia 

Patients 


Physical signs 

Number 

Per cent 

Fever 

101 

95 

Nasal congestion 

60 

57 

Pharyngitis 

73 

69 

Cervical adenopathy 

25 

24 

Pulmonary signs 

104 

99 

Dulness 

57 

54 

Altered breath sounds 

74 

70 

Riles 

99 

93 

Friction rub 

7 

7 

Fluid 

1 

1 

Bradycardia 

72 

68 

Tachycardia 

8 

8 

Tachypnoea 

14 

13 

Cyanosis 

12 

11 

Signs referable to the central 

nervous 6 

6 

system 

Palpable spleen 

1 

1 


cant tachycardia was infrequent and, when 
present, usually developed during convalescence. 

Nasal congestion and mild phaiymgitis were 
noted respectively in 57 and 69 per cent of the 
patients. Cervical lymph nodes were enlarged 
in one-fourth of the patients, but usually were not 
prominent or tender. 

Physical signs of pulmonaiy- disease, although 
much less definite than in lobar pneumonia, were 
nevertheless detected at some stage of illness in 
all but 2 of the 106 patients. Dulness to per- 
cussion, usually of slight degree, was noted over 
the affected area in more than half of the pa- 
tients. Alterations in the breath sounds, usually 
harshness or diminished transmission, occurred 
in 70 per cent of the patients. On the other 
hand, breath sounds of tubular quality and pec- 
toriloquy were rarely heard. Rales, usually fine 
and subcrepitant during the early stages of ill- 
ness, later coarse and more moist, were detected 
in 93 per cent of the patients. Often rales 
could be heard only after coughing or at the end 
of deep inspiration. .A pleural friction rub was 
heard in 7 instances and, in 1 patient, signs of 
pleural effusion were detected. .A feve patients 
with severe headache had slight stiffness of the 
neck. One patient briefly lost the jw.ver of 
ocular accommodation. The splwn was pal- 
pable in only 1 instance. .Alxlornina! di- ten don. 
so common in lobar pneumonia, w.a‘ ron^p'ru- 
ously absent. So other relevant abr.or.m.alit!-'- 
xverc noted on plu-sica! examination. 

The c!inic.al course of i!!r.e<s in t’r.e 
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group of patients was oxlrcmely variable. .All 
recovered, but it was not i)ossible to predict 
accurately cither the duration or the severity of 
illness in any given case. In the total group of 
patients, elevations of temperature to 100°!'. 
or more were present for an average of 10.1 days, 
ranging in individual patients from 0 to 41 days. 
Physical signs of pneumonia were pres(;nt for ati 
average of 12.8 days, but also ranged from 0 to 4 1 
days. The maximum recorded temperatttre 
averaged 103.5° F. with a range of 99 to 106° F. 
The charted temperature curves of individual 
patients also showed great variation. 'Fhe com- 
monest type of curve was moderately remittent, 
and rarely was either high persistent fever or 
markedly intermittent fever seen. Defer\’cs- 
cence was usually by lysis over a period of more 
than one day. Hospitalization was required for 
an average of 33 days with a range of 10 to 73 
days. 

Complications were rare and usually not of 
great significance. Pleuritis occurred in 6 pa- 
tients. In only 1, however, was the accumula- 
tion of fluid sufficient to warrant thoracentesis. 
In the others, the amount of fluid was evidently 
small and, in several, it was located principally 
in the interior fissures. Acute sinusitis de- 
veloped in 8 patients and non-suppurative otitis 
media occurred twice. One patient had severe 
stomatitis and gingivitis. Another patient, dur- 
ing convalescence from primary atypical pneu- 
monia, contracted lobar pneumonia due to 
pneumococcus Type XIV, evidently by contact, 
and in both infections, the left lower lobe was 
the site of consolidation. 

Although no systematic investigation of the 
therapeutic value of sulfonamides in primary 
atypical pneumonia was carried out, 32 patients 
in this study • received sulfathiazole or sulfa- 
diazine during the course of illness. Of these, 
16 received an adequate therapeutic trial over a 
period of 4 to 9 days, with total dosages of 21 to 
50 grams. Ten patients showed no evidence of 
a therapeutic response. In 6 patients, the tem- 
perature returned to normal within 72 hours of 
the initiation of treatment, but in all 6, deferves- 
cence occurred between the sixth and tenth days 
of iflness. Moreover, in 2 of these patients, the 
fall in temperature occurred within 24 hours, 
before an adequate dose had been given and 


before .t resfious'- could rc.tsonably be exju-rled. 
I hese finditigs arc in .igrccmctH with previous 
observations that sulfonamitic;'. do tu)! obviously 
benefit patients witli this diseafe. 


.\'-HAV ITNOINOS 

X-ray films of the lungs, taken at frequent 
intervals throughout the cour^(' of illness, showed 
cviflence of more extensive [itilmonary lesions 
than the findings on physical examination would 
have led one to expect. Data concerning the 
site, extent, and duration of j)ulmf)nary con- 
solidation as determined by multiple serial 
roentgenograms on each patient are presented 
in I able 111. In this slurly, the word “con- 


TAiii.r; III 

Dtslribulsot:, exlrr.l, nr.ii dtiralhr. of piiUrintinry coKSolidr.tion 
as de'.rrmincd by serial x-ray films in 106 
patients with primary atypical pneumonia 

ratient.' 

Number Percent 

66 (IS)* 62.2 (16.9) 

19 ( 2) 17.9 ( 1.9) 


Lobe involved 
Left lower 
Left upper 
liiglu lower 
Right middle 
Right upper 

Number of lobes involved 
1 
2 

3 

4 

5 

Duration of consolidation 

1 week 

2 weeks 

3 weeks 

4 weeks 

5 weeks 

6 weeks 

7 weeks 


64 (20) 

60.3 (18.9) 

22 ( 3) 

20.7 ( 2.8) 

25 ( 7) 

23.5 ( 6.6) 

50 

47.1 

38 

35.8 

8 

7.5 

4 

3.8 

6 

5.7 

9 

8.4 

51 

48.1 

25 

23.4 

11 

10.3 

8 

7.5 

2 

1.9 


0 


* Numbers in parentheses indicate patients in whom the 
designated lobe was the only site of pulmonary consolida- 
tion. 


solidation” has been used in a broad sense to 
designate findings thought to represent pneu- 
monic involvement of the lung parenchyma. 
In referring to x-ray films of the lung, this term 
is used irrespective of the extent or density of the 
pneumonic shadow. 

As shown in Table III, the site of pulmonary 
consolidation was most frequently in the lower 
lobes and the incidence of involvement was al- 
most identical on the 2 sides. Consolidation 
was present in the left and right lower lobes in 
62.2 and 60.3 per cent of patients, respectively. 
Each of these lobes was the only site of consolida- 
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tion, however, in 16.9 and 18.9 per cent of 
patients, respectively. Consolidation was pres- 
ent in the left and right upper lobes and the 
right middle lobe in 17.9, 23.5, and 20.7 per cent 
of patients, respectively. On the other hand, 
each of these lobes was the only site of consolida- 
tion in 1.9, 6.6, and 2.8 per cent of patients, 
respectively. 

Pulmonary consolidation as observed in roent- 
genograms was confined to a single lobe in 50 
patients, located in one of the lower lobes in 38 
patients, in one of the upper lobes in 9 patients, 
and in the middle lobe in 3 patients. Pulmon- 
ary consolidation occurred in more than one 
lobe in 56 patients. Two lobes were involved 
in 38 patients, 3 lobes in 8 patients, 4 lobes in 4 
patients, and all 5 lobes in 6 patients. The 
average number of lobes involved for all pa- 
tients was 1.85. 

In some instances, multiple lobes were in- 
volved simultaneously, in others consolidation 
extended from one lobe to another or new shad- 
ows appeared in one or more lobes during the 
course of illness. Occasionally, fresh areas of 
consolidation appeared while other areas were 
undergoing resolution, and consolidation was 
observed to recur in the same site or to reappear 
in another area after the initial lesion had cleared. 
Thickening of the interlobar septa, occasional 
small collections of fluid in the interlobar fis- 
sures or in the costophrenic angles, and, in 
films of one patient, definite pleural effusion were 
also observed. 

The individual pulmonary' lesions as viewed in 
roentgenograms showed extraordinary' variation 
in density as well as in distribution. Usually, 
an area of pneumonic consolidation was present 
in the initial film of the chest taken at the time 
of admission, even as earlj- as the first or second 
day of illness. In a few patients, evidence of 
pneumonia was not present on admission but 
appeared subsequently. In some of these pa- 
tients, consolidation first appeared as an iso- 
lated area well out in the lung parenchyma with- 
out obvious connection with the hilar shadow. 
In most instances, however, the initial consolida- 
tion made its appearance and was most dense at 
the hilum, spreading and becoming less dense 
toward the periphery of the lung. The borders 
of the consolidated areas were usually irregular. 


ill-defined, and not always confined by interlobar 
boundaries. Sometimes the shadow was present 
only as a diffuse haze; in other instances, it was 
quite dense. Only rarely, however, was the 
density or extent of consolidation in a given 
lobe comparable to that seen in lobar pneumonia. 
In other instances, consolidation was mottled 
and sometimes the appearance of small abscess 
cavities was suggested. Infiltrations radiating 
from the hilum and involvement of the upper 
lobe resembled tuberculosis even more fre- 
quently, and other lesions, especially in the 
lower lobes, simulated bronchiectasis. The rela- 
tive rapidity with which the lesions cleared in 
primary atypical pneumonia assisted in e.xclud- 
ing a diagnosis of chronic pulmonary' disease. 
Other forms of pneumonia could not be dis- 
tinguished from primary atypical pneumonia in 
a given case on the basis of roentgenograms 
alone. 

Resolution of the consolidated areas was ob- 
served to occur in several ways. In most in- 
stances, clearing proceeded from the periphery' 
of the lung toward the hilum but occasionally 
resolution progressed in the reverse direction. 
Clearing was also observed to occur by progres- 
sive reduction in the size of the affected area 
and by a diminution of density until no evidence 
of consolidation remained. In many instances, 
during the process of resolution, the affected area 
assumed a diffusely mottled appearance. Fre- 
quently, after all parenchymal involvement was 
thought to have disappeared, the broncho%'ascu- 
lar markings remained prominent. 

In this group of patients, the duration of con- 
solidation in roentgenograms was arbitrarily 
calculated as the interv'al from the onset of illness 
to the last day on which evidence of parenchymal 
involvement was still visible- As recorded in 
Table III, pulmonary' consolidation h.'id <Jis- 
appeared by the end of the second week of iilnecs 
in more than half the patients and by the end 
of the third week in SO per cent of the mt.-il 
number. The average duration of consolidation 
as dctcnninc-d by serial roentgenograms w.a'; 14.2 
days with a range of 3 to 41 da>T. 

.-Mthough in the prese-nt study, rr-'-nt.-f :;o- 
logical evidence of puln'.onary con 'o' id. a tion v.;:‘ 
established as one of the es-^ nti.':! rrite.-in for a 
di.agnofis of primary .ntypic.'s! it 
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should be emphasized (hat llic .\-ray sliadow.s 
observed were not distinctive of this disease 
syndrome e.xclusively and a diagnosis of primary 
atypical pneumonia could not be made on the 
basis of roentgenological evidence c.xcept in 
conjunction with clinical and laboratory findings. 

CLINICAL LAHORATOUY ITNOINGS 

The total leukocyte count on admission and at 
various intervals thereafter was usually normal 
or only slightly elevated. I'his was another 
helpful feature in distinguishing primary atypical 
pneumonia from pneumonia due to pneumococci 
or other bacterial agents in which leukocytosis 
characteristically occurs. Data concerning the 
total leukocyte counts in the present group of 
patients are summarized in Table IV. 

The total leukocyte counts recorded upon the 
106 patients with primary atypical pneumonia 
during each week of illness were grouped in 4 
categories on the basis of their magnitude. 
These included total counts of less than 5000, 
those of 5000 to 10,000 considered to represent 
the normal range, those from 10,000 to 15,000, 
and those of more than 15,000. 

It is apparent that throughout the course of 
illness as measured in weeks, considerably more 
than half the total leukocyte counts were within 
the normal range, and two-thirds or more of the 
counts were less than 10,000. Leukopenia was 
relatively infrequent and never extreme. The 
lowest recorded count of 3300 was observed in 
the second week of illness. Total leukocyte 
counts above normal were in most instances 
between 10,000 and 15,000. Counts of more 


than 15,000 occurred during llu; first 3 weeks of 
illm ;ss but were uncommon. 'I'lie highest count 
noted was 25,800 and occurred in the second 
.week of illness. Sudden and unexplained shifts 
in the total counts sometimes occurred. Usu- 
ally, however, in individual jjatients, neither high 
nor low counts were sustained on repeated exam- 
inations. The differential leukocyte pattern as 
observed in these patients was within normal 
limits. 

The erythrocyte sedimentation rate was al- 
most always increased during the acute phase of 
illness, and the accelerated rate usually persisted 
for some weeks during convalc.scencc. .‘\ 5.0 ml. 
specimen of blood was collected in a tube con- 
taining dried potassium and ammonium oxylatc 
and, within an hour, was transferred to a 
calibrated 100 X 3 mm. tube for the test. 
Readings were made at the end of 1 hour without 
correction for hematocrit, inasmuch as significant 
anemia was rarely present. The maximum rate 
was less than 10 mm. per hour in 4 per cent of 
patients, 10 to 19 in 2 per cent, 20 to 29 in 13 
per cent, 30 to 39 in 22 per cent, 40 to 49 in 49 
per cent, 50 to 59 in 9 per cent, and more than 
60 in 1 per cent. A sedimentation rate of more 
than 15 mm. in 1 hour persisted on the average 
for 28.5 days with a range of 9 to 73 days. In a 
few instances, the sedimentation rate remained 
or became normal while the patient was still 
acutel}’^ ill. This observation was amply con- 
firmed but not satisfactorily explained. 

The urine was usually normal. Slight or 
moderate albuminuria was noted during the 
acute phase of illness in 22 per cent of the pa- 


TABLE IV 


Total leukocyte counts' in 106 patients with primary atypical pneumonia 


Total leukocyte count 

Percentage of leukocyte counts* per week of illness 

Week of illness 

1 

2 

3 

4 

5 

6 


8 

9 

10 

<5,000 

5,000 to 10,000 
10,000 to 15,000 
>15,000 

5.9 

66.7 

26.2 

1.2 

8.0 

57.3 

29.3 
5.3 

1.9 

66.0 

22.6 

9.4 

9.7 

74.2 

16.1 

5.9 

88.2 

5.9 

13.3 

80.0 

6.7 



100.0 

100.0 

Number of patients 

84 

75 

S3 

31 

17 

15 

13 

4 

1 

1 

2 


Only one count per patient per week was included in this analysis. 
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tients. Examination of the urinarj'' sediment 
revealed granular or hyaline casts and transient 
occult hematuria in 10 and 8 per cent of the pa- 
tients, respectively. Three of the 9 patients with 
microscopic hematuria had previously received 
sulfonamide therapy. 

Lumbar puncture was done only when severe 
headache and meningismus were present. Speci- 
mens of cerebrospinal fluid from 6 patients were 
examined. Two contained lymphocytes (less 
than 50 per c. mm.) and gave weakly positive 
tests for protein. The other 4' fluids were 
normal. 

ELECTROCARDIOGRAMS 

Serial electrocardiograms ® were taken on 50 
of the patients with primary atypical pneumonia, 
none of whom gave a history of previous cardio- 
vascular disease. No significant deviations from 
normal were detected during any stage of the 
illness from the third through the thirtieth day 
after onset. Specifically, there was no increase 
in the P-R interval, no elevation or depression 
of the S-T segment, and no T-wave change. 

BIOCHEMICAL STUDIES 

Biochemical assays * were carried out upon 
specimens of blood and urine from a number of 
representative patients. It was found that the 
icteric indices, prothrombin, serum COj, serum 
chloride, and plasma protein levels were within 
normal limits. Plasma carotene and vitamin A 
levels were reduced but only to a degree com- 
monly encountered in other acute infectious 
diseases. As prc\’iously reported (23), chloride 
balance studies indicated that there was no 
striking disturbance of chloride metabolism, 
and plasma a-amino acid levels were found to 
be within the normal range. These latter two 
findings serve additionally to distinguish this 
syndrome from pneumococcal pneumonia, in 
wliich chloride metabolism is usually disturbc*d 
and the plasma a-amino acid levels arc sig- 
nificantly reduced (24). 

* l.t. C, G. N'cum.inn (MC), U.S.N.R., kindly analyred 
the cIcctiDcnniio^ram':. 

' Lt. Cdr. K. ICmrrfon. Jr. (MC). Dr. C. L. 

Htviglmd, l.t. Cdr. R. A. (.MC), f.S.N.R., .md 

Lt. Cdr. R, K. Shank (.MC). Uii.N.R.. kindly ptrfcrrt'-J 
thc-^- .m.'.lvK'*. 


BACTERIOLOGICAL FINDINGS 

The bacteriological flora of the nasophar}m.\' 
and sputum was studied in each patient and an 
effort was made to obtain both qualitative and 
quantitative data. A culture of the blood was 
obtained from every , patient at the time of 
admission and at intervals thereafter when 
indicated. 

The cultures of the nose and throat in these 
patients yielded a variety of microorganisms. 
In cultures from occasional patients, one or 
another bacterial species appeared to pre- 
dominate; but in the group as a whole, the bac- 
terial flora appeared to be quantitativeh" and 
qualitatively similar to that commonly found in 
the upper respirator^' passages of normal persons. 
The sputum of these patients also contained a 
variety of microorganisms, but, by ordinarj' 
methods of culture, no one species was found to 
be conspicuously or consistently present in 
specimens from the total group. 

When pneumococci, streptococci, or H. in- 
fluenzaev;cTe isolated from anysourcc, an attempt 
was made to obtain specific identification by 
serological methods. The results are summar- 
ized in Table V. 

Pneumococci were isolated from 54 per cent 
of the patients but in only 7 per cent was it 
possible to identify the organisms in the sputum 
directly by the Neufeld quellung technique. 
In most instances, pneumococci were isolated 
and identified following the inoculation of 
sputum into mice. Twenty-six different types 
of pneumococci were obtained from 57 of the 106 
patients. It is noteworthy that pneumococci of 
U'pes I and II, those most commonly a.'^sociatcrl 
with lobar pneumonia, were not found in any 
of the patients in this group. The distribution 
of pneumococcal types, as well as the number of 
pneumococci present in specimens from indi- 
vidual patients, w.as similar to the rli-^tributiori of 
these organisms in the up;x-r respir.ato.-y pi‘ -.s::!-; 
of normal persons. 

Beta hemolytic streptococci were i'ol.'itt-! from 
10 patients, e.ach of wl'.orn gave .a history <i[ 
recent contact with cases f)f M.o infec- 
tion. Thts'- streptococci If' Icn-.y 'I to 
9 distinct serolcvici! I'i%‘e <:!■:< r.;,; 

types and 2 str.'dn'- of f t ttmi',- d' -l 
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TAIII.K V 


Bnclcria isoUilcil from 106 pclictils with privinry atypical pneinr.niiia 


I’nciiniorticciic | 

P.rta licmolylif j.trrpIntor'Ti'i 

//. i’l! 


Stfrptocor'ru'S 

MO 

Type 

Nliiiilirr of 
pa ti ('ll I?' 

Groiip Type 

N’lituh'T of 

Ty[y 

N*t:rn!i''r of 
ilirnt*; 

of 

6 

7 

.•\ 14, 15, 17 

1 

Could not 

31 

45 

3 

6 

19. C-94 


!«; identifu d 



29 

5 

? 

2 



1 

9, 11, 16, IS, 20, 23 

3 






4, 7, 8,19,28,32,37 ' 

2 






5, 10, 12, 17, 24, 25, 33, 34, 35, 36 

1 

n, C, H 

1 




Total 26 

57 


to 

1 

34 

45 

Percentage of total patients 

53.7 


9.4 


.12.0 

42.0 


* Number of patients from wliom cadi designated type was isolated. 


of group A streptococci were represented. 
Strains of streptococci belonging to groups B, C, 
and H were each isolated from individual 
patients. 

Strains of JI. influenzae were present in cul- 
tures from 34 of the 106 patients but in no in- 
stance could the organisms isolated be identified 
by capsular swelling in immune rabbit sera 
against any of the established types. 

B. friedldnderi, type A, was isolated from the 
nasal passages of 1 patient, and N. catarrhalis in 
considerable numbers from 6 patients. 

Staphylococci were frequently noted in cul- 
tures of the respiratory passages. They showed 
varying pigmentation and capacity to produce 
hemolysis on blood agar but only rarely did they 
appear to be the predominant organism in 
cultures from the patients in this study. 

Colonies of organisms having the character- 
istics of alpha or gamma streptococci were fre- 
quently seen on blood agar plates inoculated 
with sputum or material from the nasopharynx. 
Appreciable numbers of organisms in these gen- 
eral categories were seen on blood agar cultures 
from 33 of the 106 patients. None of the many 
strains of alpha and gamma streptococci iso- 
lated by this method and tested by appropriate 
serological techniques could be identified as 
streptococcus MG. 

Cultures of the blood from all patients showed 
no bacterial growth. Cultures of each available 
specimen of pleural and cerebrospinal fluid re- 
mained sterile. 


In no instance was cvndcncc obtained which 
indicated that any one of the bacterial species 
isolated from these patients by routine methods 
was causally related to the disease. 

A non-hemolytic streptococcus, designated as 
streptococcus MG, was isolated from sputum or 
nasophar>mgeal cultures of 45 of the 106 patients. 
In some instances, this streptococcus was cul- 
tured directly from the throat or from fresh 
sputum. It was also cultured, however, from 
source materials which had been stored at 
— 70°C. for periods varying from a few weeks 
to more than 1 year. The special techniques for 
isolating streptococcus MG and the results of 
studies on this microorganism in primary atyp- 
ical pneumonia are described in the accompany- 
ing paper (22). 

VIRUS STUDIES 

A continuous effort was made throughout this 
study to recover from specimens obtained from 
the patients in this series, as well as from speci- 
mens received from similar patients elsewhere, 
infectious agents other than bacteria Avhich might 
be etiologically related to primary atypical 
pneumonia. A large number of specimens ob- 
tained from patients with this illness were in- 
oculated in various animal species by several 
routes and, in many instances, serial passages 
were carried out. The specimens inoculated in- 
cluded sputa, nasopharyngeal washings, plasma, 
pleural, and cerebrospinal fluids, and suspensions 
of consolidated human lung from 9 fatal cases. 
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The animals used included mice, cotton rats, ser\'ed (27) that cotton rats and rabbits mocu- 


hooded rats, white rats, and hamsters which 
were inoculated by the intranasal, intracerebral, 
intraperitoneal, or subcutaneous route; guinea- 
pigs which were inoculated intraperitoneally and 
subcutaneously; rabbits which were inoculated 
intravenously, intraperitoneally, and subcutane- 
ously; as well as monkeys, cotton rats, and ham- 
' sters, which were inoculated intratracheally and 
intranasally. Chick embryos at various stages 
of maturation were also inoculated by several 
techniques, including inoculation into the allan- 
toic, amniotic, or yolk sacs, as well as directly * 
upon the chorioallantoic membrane. Chick- 
embryo passage materials were inoculated in 
each of the animal species mentioned above as 
well as in chimpanzees. 

With sputa obtained from certain patients, 
pulmonary consolidation was repeatedly in- 
duced following primary intranasal inoculation 
in cotton rats. Chick-embryo passage materials 
were also found to be capable of inducing pul- 
monary' consolidation in either cotton rats or 
hamsters. Similar consolidations, however, were 
found to occur in both species following the 
, intranasal inoculation of various control ma- 
terials. The pulmonary' lesions which were noted 
following inoculation with potentially' infective 
specimens could not be distinguished from those 
which followed inoculation with control ma- 
terials, and none of the lesions could be repro- 
duced regularly on serial passage in either 
species. No e%'idence was obtained to indicate 
the presence, in any of the human source ma- 
terials studied, of a non-bacterial infectious 
agent capable of producing signs of infection 
which could be reproduced in series. 

Infectious agents, apparently harbored by- 
animals used in these e.\periments, were en- 
countered repeatedly and seriously complicated 
attempts to isolate an infectious agent from the 
human materials. Lymphocytic choriomenin- 
gitis virus, the pneumonia \'irus of mice (25), 
hereinafter referred to as P.V.M., as well as 
.another latent virus of mice belonging to the 
psittacosis group of viruses (26). were recovered 
and identified. It was possible to show in each 
instance that these agents were dc.'dvtti from 
the mice issed an:! not from the human materials. 

Imrly in the course of tb.is study, it was oh- 


lated with certain specimens from patients or 
with passage materials derived from them de- 
veloped antibodies capable of neutralizing a 
heterologous virus, P.V.M., whereas animals 
inoculated with control materials did not. This 
evidence was at that time thought to indicate the 
presence, in these specimens from patients with 
primary aty'pical pneumonia, of a virus which 
possessed minor antigenic components in com- 
mon with P.V.M. 

Subsequent studies have necessitated reinter- 
pretation of the original data. It has been found 
that in cotton rats and rabbits, as well as in 
hamsters, the formation of neutralizing anti- 
bodies against P.V.M. sometimes could be 
stimulated by the inoculation of non-infectious 
materials. Thus it appears that each of these 
animal species at times and under circumstances 
not as y'et predictable may' harbor latent agents 
which in response to non-specific stimulation 
induce the formation of specific antibodies 
against P.V.M. Under these circumstances it is 
apparent that an antibody response against 
P.V.M. in any' of tliese species cannot be at- 
tributed to specific stimulation by a virus in 
material of human origin. 

SEROLOGICAL STUDIES 

Sera obtained from patients with primary 
aty-pical pneumonia during the acute and con- 
valescent phases of the illness were tested for the 
presence of antibodies against a number of 
%'iruscs known or thought to be capable of 
inducing acute respiratory disease in human 
beings. Tests of this nature were carried out 
upon sera, not only from the 106 patients .ad- 
mitted to the Rockefeller Hospital .and described 
in this study, but also from a number of patients 
with primary atypical pneumonia treatc-rl eb'- 
whcrc. 

The agents used in these tt-.«t5 were infai'-nza A 
\-irus. influenza B vims, .swine infinenza viru'", 
psittacosis virus, and lympliozytir clinrinm' nir,- 
gitis \arus. The results of tlase t'-f-. are fl.ov.-n 
in Table VL 

With but one exception, no ri,'r.in'.-;r-,t !ra r> a ■ 
in Sj'K-cific antil^oiies .agaira: .'.r;y < f t;:'-*.- vir.; < 
v.’.as derr'.or.'^trab!',' in ti'.e ■‘.'rurn. < ntain'-i .> 

conv.alfsreno' .as cornparv; itii t;,'- ''run. » 
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Results vf srrrlpfjdil ivih r.fnir.^l Cfrluir. f<t!nttnvlro[‘if x-intsrs in pntirnh :t ith priir.nry ntypicnl pneumonia 


Vimt 

Mrlh.vl 


■: tl '.trf! 

Rr.;ul!< 

: ftf (m!j 

K.I.tt.* 

jxitlenti 

Oill'fdrf 

tvitlrnti 

Tnt.,1 

ixitiriitt 

Sic:niri^ant 

Ifu in 

No. of p.i'.irr.t? 

Nf> '«* in 

nnfili'vlif'?. 

No. of p.Ui''n!<; 

Infliicnr.T :\ 

FLILC.t neeltitin.ation 

•17 

•10 

96 

1** 

9.3 

IiifiiicnrA n 

R.n.C. ne.ehitinntion 

•12 

•17 

SO 

0 

80 

Swine infliienra 

It.H.C. .'U'.v;ltiiination 

R 

0 

8 

0 

8 

I’.-:)tt.ncor.is 

Complement lix.ition 

2.S 

37 

62 

0 

62 

Lymphocytic rhoriomcninj^ili;. 

Complement fixation 

16 

12 

28 

0 

28 


* U.I.n. patients I’atients sttnlied in the Rockefeller Institute Hospital. 

1 Outside patients Patients studied elsewhere. 

t li.B.C. aitKltitination at:v:littination of chick cr>-throcytcs (Hirst technique). 
•* R.l.H. p.atient studied durinK the 1913-11 influenra .‘\ epidemic. 


tainocl from the .=;nmc jialiciit dtirin.u tlie acute 
jihasc of illness. A definite antibody response 
apainst influenza .*\ virus occurred in the con- 
valescent sera of one patient who had primary 
atypical pneumonia at the Rockefeller Institute 
Hospital durinp the outbreak of influenza A in 
the winter of i 943-14. The evidence obtained 
from serological studies strongly suggests that 
none of the viruses tested was causally related 
to the illness in the group of patients included 
in this investigation. 

Tests for the presence of antibodies against 
RichcUsia diaporica were not carried out with 
sera from these patients. However, various 
specimens obtained from most of the patients 
were inoculated into susceptible animals and in 
no instance were rickettsiae recovered. The 
attempts of others (28) to isolate rickettsiae 
were unsuccessful also and antibodies against the 
rickettsia of Q fever were not demonstrable in the 
sera of any of their patients with primary atypical 
pneumonia. 

In the course of testing sera from the patients 
in this study for complement-fixing antibodies, 
a peculiar and unexpected phenomenon was 
encountered (29). The convalescent sera from 
14 of 35 patients tested showed the capacity, 
not present in acute-phase sera, to fix comp e- 

ment with a variety of ""^"feSed 

antigens prepared from normal mfected 

organs of several different species. Sun lar re 
actions were not observed m comparable sera 
from 23 patients with other acute infectious 
diseases This phenomenon obviously com 
plicates'the interpretation of complenrent-fixa- 


tion tests in primary' atypical pneumonia. In 
the light of these observations, it seems necessary 
to rc-evaluate the significance of serological 
studies in this disease which were dependent 
ujion results obtained with the complement- 
fi.xation technique when relatively crude tissue 
antigens were employed. 

Sera from 18 of the patients with primary 
atypical pneumonia were also tested for the 
presence of the so-called “C-reactivc protein” 
(30). 1 1 will be recalled that notably in pneumo- 

coccal pneumonia, but also in other acute infec- 
tious diseases, there is present in the serum 
during the acute phase of illness an abnormal 
protein which has the peculiar property of react- 
ing with the C or somatic polysaccharide of the 
pneumococcus. It was found that this protein 
was present in the acute-phase serum of all but 
one of the patients with primaty’^ at 3 '’pical 
pneumonia whose sera were tested, and that it 
disappeared from their sera during convalescence, 
as it does in other acute infectious diseases. 

Sera obtained from 64 of these patients 
throughout the course of primary atypical pneu- 
monia were tested for the presence of cold hemag- 
glutinins against human Group 0 erythrocytes 
(31, 32). It was found that sera of 12, or 18.5 
per cent, showed this property. 

Reports from other laboratories (31 to 36) have 
recorded a variable although generally higher 
incidence of cold hemagglutinins in sera of 
patients with this disease. The lower percentage 
of positive reactions and the relatively low titers 
with sera of patients in this group may be at- 
tributable to the method used in collecting some 
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of the sera, to prolonged storage of certain of 106 patients were tested for the presence of 


the sera before testing, and possibly to the fact 
that many of the patients in this series were only 
mildly ill. 

Prior to the observation of cold hemagglu- 
tinins in this disease, some of the specimens of 
blood obtained from patients in this series were 
allowed to clot at 4° C. before the serum was 
separated. Subsequently, it was found that 
hemagglutinins present in high titer could be 
completely absorbed from a specimen of serum 
by contact with a suspension of human ery- 
throcytes at a temperature of 4° C. It seemed 
advisable therefore to allow blood specimens to 
clot at room temperature and to separate the 
serum prior to refrigeration. 

It has been noted previously that in sera ob- 
tained from patients with primary atypical 
pneumonia and stored for long periods of time, 
the capacity for cold hemagglutination appeared 
to be less than in sera recently obtained from 
similar patients (31, 33). One worker (35) re- 
tested 20 specimens of serum after storage at 
4° C. for periods ranging from 2 to 5 months and 
found that, in all but 1, the titer of cold agglu- 
tinins had diminished. Seven specimens of 
serum from patients in the present series were 
likewise tested on 2 occasions with similar results. 
At the time of the initial tests, the sera had been 
stored for periods varying from 2 weeks to 6 
months but all showed cold agglutination, in dilu- 
tions ranging from 1 : 40 to 1 : 160. When tested 
again 10 or 11 months later, 2 sera agglutinated 
ety'throcytcs with an undiminished titer of 1-80, 
2 agglutinated only in a dilution of 1-10, and 3 
had lost completely the property of cold ag- 
glutination. 

Tests for cold hemagglutination were carried 
out upon sera of patients in the present series 
using 2.0 per cent suspensions of eiythrocytes as 
originally recommended. Ten of the 12 pa- 
tients in this scries whose sera contained cold 
hemagglutinins were ill for periods longer than 
the average duration of illness for the total 
group. Other observers have also noted a 
jrositivc correlation between cither the inddcnce 
or the liter of cold hemagglutinins and the 
severity of illness in patients with primary 
atypical pneumonia (31. 36). 

.Acute and convalescent sera from each of the 


agglutinins against the non-hemohd;ic strepto- 
coccus designated as streptococcus MG (22). 
It was found that 68, or 64 per cent, of the 106 
patients developed in their sera during convales- 
cence agglutinins against this microorganism. 

The incidence of positive reactions in agglu- 
tination tests with streptococcus MG and serial 
specimens of serum from these 68 patients (MG 
positive group) is shown in Figure 1. Although 



Fig. 1. Time of Occurrenci; of Positiw-: Reactions 
IN Agcluti.vation Tests with Streftococccs .MG and 
Sera from 68 Selected Patie.vts with Primary .Atatt- 
CAL P.veumonia (MG-Positive Grqlt) 

Each patient in this group developed in his serum during 
convalescence agglutinins against streptococcus MG. 
Only one specimen of scrum per patient per weel: w.r! 
included in this analysis. 

positive reactions were notc-d in 15, AA, .and 67 
per cent of the sera obtainc-d from these patients 
during the first, second, and third weeks of ill- 
ness, respectively, they were found in 86 .and V) 
per cent of the sera obtaintri during the fourtli 
and fifth weeks of illness. In 5F (SS jy.-r ) 
patients, agglutinins v.-e.''e fir?; def-ett-:! ia 
specimens of S'-.'um obt-ain'-i on ;h'- d i>’ of 
dcfcr\v.sccnce or later in ccnval'-’O r,; t-. In 
scr.aof 10 patients (15 fv rc'-nt), .ar.ilutin;-.- v. < 
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noted from 2 to 19 days before defervescence, but 
the maximum tiler of tlie sera of all but 3 of tliesc 
patients was not attained until after the tem- 
perature had returned to normal. It may be 
said, therefore, that agglutinins against strep- 
tococcus MG arc most frequently detectable in 
sera of patients with primary atypical pneu- 
monia 4 to 5 weeks after the onset of illness and, 
in most instances, make their first appearance 
following dcfcrsTsccncc. 

In view of the frequency with which a sero- 
logical response against streptococcus MG was 
observed in these patients, it seemed of interest 
to determine in what other respects the 6S 


patients who developed antibodies against this 
microorganism (MG positive group) could be 
distinguished from the 38 patients in whose sera 
such antibodies were not demonstrable (MG- 
negative group). 

On the basis of clinical impressions, the MG- 
positivc group seemed to include patients who 
were more ill than most patients in the MG-nega- 
tivc group but no satisfactory quantitative cri- 
teria except those relative to the duration of the 
illness could be found for estimating the relative 


severity of illness in individual patients of the 2 
groups. From the standpoint of severity, the 
symptoms, physical signs, and clinical-labora- 
tory findings of many individual patients in the 
2 groups were indistinguishable. The average 
number of lobes involved was by physical ex- 
amination 1.64 and 1.39 and by x-ray 2.01 and 
1.55 in the MG-positive and MG-negative 
groups, respectively. On the basis of x-ray 
evidence, involvement of more than one lobe 
occurred in 56 per cent of the MG-positive group 
and in 47 per cent of the MG-negative group. 
The average and range of the total leukocyte 
counts, the degree and frequency of E.S.R. ac- 
celeration, the distribution of bacteria other than 
streptococcus MG, and the negative results of 
serological tests against certain pneumotropic 
viruses were essentially the same in both groups. 

Nevertheless, it was possible to demonstrate 
certain quantitative differences between patients 
in the 2 groups taken collectively if data relating 
to the duration of illness were compared. It was 
found that the duration of fever, of abnorma 
physical signs, and of roentgenological evidence 
of pneumonia, as well as the duration of hospital- 


ization, were considerably longer in the MG- 
positive group than in the MG-negative group. 

Comparable data for the 2 groups are illus- 
trated grajihically in I'igurc 2. I'ev'cr persisted 



Fig. 2. Comparison of Quantitative Data Rela- 
tive TO THE Duration of Illness in the MG-Positive 
AND MG-Negative Groups of Patients with Primary 
Atypical Pneumonia 

MG-positive group comprises those patients who de- 
veloped in their serum agglutinins against streptococcus 
MG. MG-negative group is composed of those patients 
in whose serum such agglutinins were not demonstrable. 
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for more than 2 weeks in 21 patients (30 per 
cent) of the MG-positive group and in none of 
the patients in the MG-negative group. Phys- 
ical signs of pneumonia were present for more 
than 2 \yeeks in 34 patients (50 per cent) of the 
MG-positive group and in only 3 patients (7 per 
cent) of the MG-negative group. Roentgeno- 
logical evidence of pneumonia was detectable 
for more than 3 weeks in 20 patients (29 per cent) 
of the MG-positive group and in only 1 patient 
of the MG-negative group. Similarly, 23 pa- 
tients (34 per cent) of the MG-positive group 
but only 1 patient of the MG-negative group re- 
quired hospitalization for more than 6 weeks. 

Further analysis revealed that the average 
duration of illness was longer, not only in the 
MG-positive group as compared with the MG- 
negative group, but also within the MG-positive 
group in direct proportion to the maximum titer 
of agglutinins against streptococcus MG. This 
is shown in Table VII. The duration in days of 

TABLE VII 

Relation o} duration of illness to the titer of agglutinins against 
streptococcus MG in the sera of patients 
with primary atypical pneumonia 


Maximum liter 
of aRfilutinins 
a^insl strep- 
tococcus MG 

Number 

o! 

patients 

Duration of illness 

Dura- 
tion of 
bospiial- 
tzation 

Average 
number 
of days 

Fever 

Average 
number 
of days 

1 Physical 
signs of 
' pneu- 
I monia 

Average 
number 
of days 

1 X-ray 
evidence 
of pneu- 
monia 

Average 
number 
of days 

0 

38 j 

6.6 

8.9 

11.4 

26.2 

1-10 

28 

9.4 

11.6 

14.1 

30.5 

1-20 

20 

10.8 

14.7 

15.8 

35.4 

1—10 .Tnd over 

20 

17.3 

20.4 1 

1 

23.0 

46.3 

Total Rroiip 

106 

10.1 

12.8 

14.2 

33.0 


fever, of physical signs of pneumonia, of .x-ray 
evidence of pneumonia, and the period of hos- 
pitalization were arbitrarily estimated for each 
patient from tlie onset of illness. The average 
duration in each of these 4 categories wa.s then 
calculatctl in groups of patients arrangetl accord- 
ing to tlie ni.axinuim titer of agglutinins ag.ainst 
streptococcus MG ohserx-wl in their sera through- 
out the course of illness. 

.•\s shown in Table \'ll, 3S patients with no 
demonstrable agglutinins against strcptorocrus 
MG had, on the average, fever for 6.6 d.avs. 


physical signs of pneumonia for 8.9 days, e\n- 
dence of pneumonia by .x-ray for 11.4 days, and 
hospitalization for 26.2 dax’^s. In the groups of 
patients with maximum agglutinin titers in their 
sera of 1-10, 1-20, and 1-40 or more, respectively, 
the average duration of illness was progressively 
longer in each of the 4 categories mentioned 
above. Thus, the 20 patients in whose sera the 
maximum titer of agglutinins (against strepto- 
coccus MG) was 1-40 or more the average dura- 
tion of fever was 17.3 days, signs of pneumonia 
were present for an average of 20.4 days, and 
evidence of pneumonia by x-ray for 23 days, 
while the average period of hospitalization was 
46.3 days. It should be pointed out that within 
the groups of patients divided according to the 
titer of their sera against streptococcus MG, the 
duration of illness in individual patients varied 
over a wide range. Moreover, as might be ex- 
pected, there was considerable overlapping in 
the range of the values among the several titer 
groups. Nevertheless, these observations showed 
in patients of this series a positive correlation be- 
tiveen the duration of illness and the titer of 
agglutinins against streptococcus MG. 

The MG-positive and MG-negative groups of 
patients also differed markedly with respect to 
the occurrence in their sera of cold hemagglu- 
tinins. The results of serological tests for both 
cold hemagglutination and agglutination of 
streptococcus MG are shown in Table \^11I. 

TABLE VIII 

Results of tests for cold hemagrlutinatinr. and for czglutinaUcr. 
of streptococcus MG with sera of patients 
with primary atypical pneumonia 


Cold 

hemagglt:tic..itson 

.tccl-jer.i!;-! < ! 

•!reptr>c*v-oj* 

j 

1 

( f i 
< ) 

Positive 

13 ; 3 

16 

NfC-TtiVL- 

19 ; 36 

1 55 

Toutl 

32 - 3^ 

7 * 

Sera from a total of 71 pntivnts. ir 

diiriim; 65 p,-,- 

ticnis in the pr 


ui’-nt- ‘ti;':;''! 

elM.-whcTe.' we.' 

e tt^tivi ftir lr>!h t 

y;v-‘. o; a;;;-;-;- 

M>.-. 

T. V—.-":- f! 

!■■■■ 

f f (rr-'n tl 

rv. V't . le .li 
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tinins. Convalescent sera from 32 of these 71 
patients agglutinated streptococcus MG. Of 
these 32 patients, the sera of 13 also agglutina- 
ted human Group 0 erythrocytes in the cold. 
The sera of 36 patients possessed neither agglu- 
tinins against streptococcus MG nor cold hem- 
agglutinins. The sera of 3 patients possessed 
cold hemagglutinins but not agglutinins against 
streptococcus MG. Thus it is evident that cold 
hemagglutinins occurred predominantly but not 
c.xclusively in the sera of patients who devel- 
oped agglutinins against streptococcus MG. 

In the 12 patients of the present scries whose 
sera contained cold hemagglutinins, the average 
duration of fever was 16.4 days, pneumonia was 
detected by physical signs for an average of 20.2 
da>’s, and by .\-rays for an average of 20.7 days; 
the .average duration of hospitalization was 44.8 
days. It is evident that the average duration of 
illness in the group of patients with cold hemag- 
glutinins corresponded closely to that obscrv'cd 
in the group of patients in whose sera the titer 
of agglutinins against streptococcus MG was 
1-40 or more. 

It was pointed out previously that the con- 
valescent sera from 14 of the patients in the 
present series were capable of fixing complement 
with a variety of apparently unrelated tissue 
antigens- All but 1 of the patients in whose 
sera this property was demonstrated were in the 
MG-positive group. The sera of five also con- 
tained cold hemagglutinins. The average dura- 
tion of fever in these 14 patients was 13.2 days. 
Pneumonia was detectable by phj^sical signs for 
an average of 18.5 days and by x-ray for 17.3 
days. The average period of hospitalization 
was 37.7 days. Thus, the average duration of 
illness in these patients was considerably longer 
than the average duration of illness for all the 
patients and was similar to that observed, not 
only in patients who had higher titers of agglu- 
tinins against streptococcus MG, but also in the 
group of patients with cold hemagglutinins. 

These findings indicate that agglutinins against 
streptococcus MG, cold hemagglutinins, and the 
property of non-specific complement-fixation 
may coexist in specimens of serum from indi- 
vidual patients with primary atypical pneu- 
monia. Moreover they strongly suggest that 
there is a positive correlation between the inci- 


dence of each of thc.se serological properlie.s and 
the duration of the illnes.s. In the accompanying 
paper (22), evidence is presented which shows 
that, despite these similarities, the 3 phenomena 
.are distinct and can be clearly differentiated. 

DISCUSSION 

During the jiast 10 years, tlic illness which has 
been designated by the term “primary atypical 
pneumonia” has become a familiar clinical entity 
which can be recognized on the basis of certain 
diagnostic criteria. It is possible that this dis- 
ease may have existed at the lime of the last war 
and even earlier. However, as the validity of 
diagnosis is dependent upon the careful e.xclu- 
sion of other disea.ses and to a considerable de- 
gree upon the results of roentgenological exami- 
nations, there is a limit beyond which retroactive 
diagnosis becomes merely speculation. 

The occurrence of primarx’ at 3 'pical pneu- 
monia in certain members of a communitj' in 
which undifferentiated’ forms of acute respira- 
tor>' infection arc prevalent has been frequently 
obscr\'ed and suggests that this form of pneu- 
monia ma}' be but one manifestation of a wide- 
spread rcspiratoi*)'^ disease. This view is sup- 
ported by epidemiological observations (37). 

In making the diagnosis of primary' atypical 
pneumonia, certain clinical features are particu- 
larl}' helpful. The gradual onset of malaise, 
cough, headache, and fever, the lack of respira- 
tor}' distress, the relative bradycardia, the 
normal leukoc^'te count, and the paucity of 
pulmonary signs on physical examination in the 
presence of x-ray evidence of pneumonia are 
sufficiently frequent and characteristic findings 
of this disease syndrome to warrant a presump- 
tive diagnosis. 

X-ray evidence of pneumonia ma>' not neces- 
sarily be present at the initial examination but 
usually appears early in the course of illness and 
clears completel}' Avithin a few Aveeks. The 
x-ray shadoAv frequently is diffuse and radiates 
from the hilum but may assume a variety of 
patterns and, at times, is indistinguishable from 
that observed in other diseases, particularly other 
varieties of pneumonia, bronchiectasis, and 
tuberculosis. The duration of illness should be 
considered in interpretating x-ray films of the 
chest in patients Avith this sj'ndrome and the 
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rate of clearing is of particular value in excluding 
a diagnosis of chronic pulmonary disease. 

By appropriate techniques, pneumococci can 
frequently be recovered from patients "with the 
characteristic features of primary atypical pneu- 
monia. It is unusual however to find them in 
this disease by direct examination of sputum, 
employing the quellung technique. Moreover, 
the pneumococcal types isolated are rarely those 
most frequently associated with lobar pneu- 
monia. It should be pointed out, however, 
that during the administration of sulfonamide 
drugs, a considerable reduction in the number of 
susceptible microorganisms in the nasopharynx 
and sputum may take place. As a consequence, 
the presence of certain pathogenic micro- 
organisms, particularly pneumococci or beta 
hemolytic streptococci, may not be detected. 
It is therefore important in distinguishing this 
syndrome from other forms of pneumonia, that 
the bacteriological examination be carried out 
whenever possible before sulfonamide therapy is 
instituted. 

The sulfonamide drugs have not been found 
to be effective in primary atypical pneumonia 
and are not recommended for treatment. In 
certain instances, however, it may be impossible 
to determine whether or not pneumococci or 
hemolytic streptococci isolated from a patient 
arc implicated in the pathogenesis of the illness. 
Under such circumstances, an adequate trial of 
sulfonamide therapy is justified. Prompt defer- 
vescence following the administration of a sul- 
fonamide drug may be an indication of effective 
therapy but may occur also as a coincidence. 
Consequently, an apparent response to sul- 
fonamide therapy does not necessarily exclude 
a diagnosis of primar}' atypical pneumonia. 

Early reports on the occurrence of cold hemag- 
glutinins in the sera of patients with primaty 
atypical pneumonia (31 to 33) indicated that this 
phenomenon might pro\'ide a technique useful 
in diagnosis. It is now apparent, however, that 
many patients with primaty atypical pneumonia 
do not develop in their sera the capacity to 
agglutinate erythrocytes in the cold. Funher- 
morc. it has been found that this soro!ogic.aI 
pro[>crty occurs not only in patients with primaty 
atypical pneumonia but also in an apprtx'iahle 
numlx'r of patients with other conditions. .-\1- 


though the significance of the phenomenon has 
yet to be ascertained, its value as a practical 
laboratory aid to diagnosis has been disap- 
pointing. 

Another phenomenon which has been obsert^ed 
with the convalescent sera of certain patients 
with primary atypical pneumonia is the capacity 
to fix complement with unrelated tissue antigens 
(29, 38) . This property also does not occur with 
sufficient frequency to be reliable as a diagnostic 
technique. Nevertheless, its recognition has 
served to demonstrate further the frequency 
with which non-specific reactions occur in the 
sera of patients with primary atypical pneu- 
monia. It also has made necessary a more 
critical evaluation of serological data based upon 
the results of complement-fixation tests in 
studies of this disease. 

It has been pointed out that the clinical pic- 
ture of primary atypical pneumonia may repre- 
sent instances of infection by different etio- 
logical agents. ■ In certain patients, Rickellsia 
diaporica (11) and the psittacosis group of viruses 
(12, 13) have been shown to be responsible. 
These agents, however, have been isolated from 
or othenvise identified with relatively few cases. 
In the present series of patients, it was found 
that neither of these agents had caused the 
disease and ample evidence is now available to 
indicate that thej' were not responsible for the 
great majority of cases which have been studied 
during recent years. 

The recovety of several infectious agents from 
patients with primaty atypical pneumonia has 
been reported. . A virus obtained by one group 
of workers (39) appeared to be infectious for 
mice, guinea pigs, and ferrets, but was lost after 
a few passages. Others (14) describcfl the 
recovcty of a \'irus which was infectious for the 
mongoose, and prcscntetl c\’idencc indicating 
that the agent could be neutralized by the sera 
of patients convalescent from prim.aty atypical 
pneumonia. Unfortunately, this s^x-a'es ^v.as 
not a\’ailab!e for an attempt to repeat th.ese 
observ’ations with materials from path-ntf in th.c 
present series. 

Tiro %nrus<;-s recove.’-iri from mts h.nw l.vrfi 
descrilK-d in relation to primaty .-'.t^.giira! prs' ;:- 
moni.a in m.an. EpidernioV.-ri''.'!! evid' cre h,.',* 
been presenu-.l (16) to indimt-/ .a h v. fa-. 
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of the human disoaso in ono family mi$rht have 
been related to a respiratory infection of rats 
which was caused by a virus apparently infec- 
tious for this species but not for mice. 'I'his 
agent is difTerent from the other hjline virus, 
recently isolated ('10), which has betm shown 
to belong to the psittacosis-lymiihogramiloma 
group of viruses (41). 

Certain investigators (15) obseiwefl that [)ul- 
monary consolidation developed in cotton rats 
following primaiA- intranasal inoculation of 
sputum from certain patients with primary 
atypical pneumonia and presented evidence for 
tlic existence of a transnnssible agent. Re- 
cently (18), these workers have reportefl the 
recovery of a filterable agent from certain pa- 
tients with atypical pneumonia. They also 
reported that this agent was transmissible in 
chick embryos and was capable of inducing 
pulmonary lesions after intranasal inoculation 
in cither cotton rats or hamsters. i^Iorcovcr, 
evidence was presented to show that the agent 
could be neutralized by the convalescent scrum 
but not the acute-phase scrum from patients 
with primary atypical pneumonia. They also 
reported that pulmonarj' lesions were induced 
in both cotton rats and hamsters by the intra- 
nasal inoculation of non-infcctious materials and 
that these lesions were similar to those induced 
by the agent. Furthermore, they found that 
latent agents present in both species were en- 
countered frequently when serial passages were 
carried out. 

As has been pointed out, the agent previously 
■described in a report from this laboratory (27) 
was found on further study to be indistinguish- 
able from latent agents antigenically related to 
the pneumonia virus of mice (25). In the course 
of the present study, evidence has been obtained 
which indicates that such latent agents are 
present in cotton rats, hamsters, and rabbits. 

A filterable virus recovered from patients 
with primary atypical pneumonia (17) was found 
to be transmissible on intranasal inoculation in 
young guinea-pigs and cotton rats. The results 
of neutralization tests with human sera were 
inconclusive. It was found (18) that guinea- 
pigs frequently developed lung lesions after 
intranasal inoculation of broth and one agent 
was recovered, by intranasal passage in guinea- 


pigs, wliich fn'odurf'fl fnilmonary rnrisolidafion 
in roilnn rats am! hamsters .aiif! re.-.embled an 
agent obtainefi from tiormal lia.msfers. 

I lie signilir.'uiee ot .any of tiie.-e viruses in the 
patht)genesis of primary afy{)ir.d [)neumonia as 
observcfl in the majority of p’ltients remains to 
Ik- determined. 

As r<*()orfed [)reviousIy (!0), a riori-hemolytic 
stri;{)to('nrcus, is()lated originally from tlie lungs 
of patients who luul died of f)rimary atypical 
jineumonia, was found to re.u t with tlie sera of 
many patients convalescent from this disease, 
rile cliaracteristics of this microorganism, which 
has been designated streptorocrus MG, have 
been invcsiigntid intensively. The results of 
these studies .are jiresentefi in separate com- 
munications (20. 21). In the accompanying 
paper (22), studies concerning the relation of 
streptococcus MG to primary atypical pneu- 
monia are presented in detail and the possible 
role of this microorganism in the pathogenesis 
of the disease is discussed. 

SUMMARY 

A comprehensive study of 106 patients with 
primary atypical pneumonia is presented. The 
study includes observations on clinical charac- 
teristics, roentgenological, electrocardiographic, 
and clinical-laboratory findings, as well as the 
results of biochemical, bacteriological, viral, and 
serological investigations. The obseiwmtions 
made upon patients in this series are correlated 
with the findings reported in other studies on 
this disease. 
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In a preliminary communication from' this 
laboratory (I), the isolation of a non-hemolytic 
streptococcus from the lungs of 2 fatal cases of 
primary atypical pneumonia was reported. It 
was shown that convalescent sera of numerous 
patients with primary atypical pneumonia were 
capable of agglutinating this microorganism and 
some sera yielded precipitates with appropriate 
extracts of it. It was also shown that, except 
in rare instances, similar reactions were not 
demonstrable with acute-phase sera from the 
same patients, sera from patients with other 
acute infectious diseases, or sera from normal 
individuals. 

Since the publication of these preliminary ob- 
servations, additional strains of this non-hemo- 
lytic streptococcus have been isolated from the 
lungs and sputa of other patients with primary 
atypical pneumonia. A comprehensive study of 
the biological and immunological characteristics 
of this microorganism has been undertaken, and 
the results are described in detail in separate 
communications (2, 3). The serological reac- 
tions obtained with this streptococcus have been 
investigated, with additional specimens of serum 
from patients with primaty atypical pneumonia, 
patients with other diseases, and normal persons, 
by means of a number of different immunological 
procctlures. Of the patients with primary atyp- 
ical pneumonia, 106 were studied in the Hospital 

' Tlw Rurc.wi of Medicine and S-Jigcty of the United 
Si.ttes X.nvy does not nc«-5s.nriiy undertake to endorse 
views or opinions which .nrc exprc^^l in this jviper. 

’ Tiic work described in this paper w.is done under .r 
contr.ict. recommended by the Committee on Metlicnl 
Kcse.irch, iK-tvvecn t-he Odice of S.ricr\tlf;c Uess-j>rx:h .mij 
Dcvelnpment .nnd Tfie RockefrUer Institute for Mediml 
Ke-'-.trch. 

» f.iriiirn.tnt Cemmnndcr (MC), U.S.X.K. 

‘ Lbftensnt (MCb U.? N.R. 


of The Rockefeller Institute, and an analysis of 
the clinical, roentgenological, and laboratory 
findings in these patients is presented in the 
accompanying paper (4). 

It is the purpose of the present paper to sum- . 
marize the information which has been obtained 
concerning certain properties of this strepto- 
coccus, the methods by which it was isolated from 
lung tissue, sputum, and throat swabs, and the 
serological reactions which weredemonstrablewitlj 
the convalescent serum of patients with primary 
atypical pneumonia. Evidence has been ob- 
tained which indicates that the strains of this 
microorganism which have been studied consti- 
tute a homogeneous group and belong to a single 
serological type, and may readily bo difiTcren- 
tiated from other varieties of non-hemolytic 
streptococci. It will be shown that the positive 
serological reactions obtained with this strep- 
tococcus and convalescent scrum from patients 
with primary' atypical pneumonia were due to 
specific antibodies which developed during the 
course of tlie illness. Moreover, evidence will 
be presented wliich indicates that these anti- 
bodies were independent of the properties of non- 
specific complement fixation (5) and cold hemag- 
glutination (6, 7), which were also exhibilti-l by 
certain of the convalescent .‘^era studied. 

For convenience, this strej^trKoccus wilt l/c 
referred to in this rcjwrt as "streptococcus MG.” 
The problem of clas'ifieation of slrcpirx:occvr 
MG is discussef! in a s('p.arate j>af>er (2). 

JtATRr.IALS AND 

Spfcirr.cr.s 

ntypir-ii t.'i' V.. a* 
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Limp tissues from f.ital cases of primary atypical pneu- 
monia and from patients wlio died of oilier coiulilions were 
also stored at — 70°C.‘ These various specimens were 
stored for periods ranpinp from a few days to 2 years before 
they were cultured. In addition to llie frozen materials, 
fresh specimens of sputum and throat swabs from patients 
and normal persons were also cultured. 


Cullurc media 

For the isolation of streptococcus MG from specimens of 
bmp tissue, Brewer’s ihioplycollate broth was employed 
(8). This medium was unsatisfactory for the cullurc of 
sputum specimens or throat swabs because of the rapid 
overprowth of streptococcus MG by other microorpanisms. 
For the isolation of streptococcus MG from such speci- 
mens, a scmisclectivc medium was employed which per- 
mitted the prowth of this microorpanism and other varieties 
of non-hcmolylic streptococci but inhibited the prowth 
of most other bacterial species. This mediimi, which was 
similar in some respects to that recommended (9) for the 
selective cultivation of Streptococcus salivarius, was com- 
posed of die followinp conslilucnls; 


Proteose peptone Difeo 

5 grams 

Yeast extract 

Bacto 

5 grams 

Beef extract 

Baclo 

3 grams 

Glucose C. P. 


1 0 grams 

Gentian violet 


2 mgni. 

Sodium azide 


200 mgm. 

Sulfapyridino 


500 mgm. 

Distilled water 


1000 ml. 


The pH of the completed medium was adju.slcd to 7.2 
with IN NaOH and the medium was then sterilized in the 
autoclave at 15 pounds pressure forTS minutes. 

For the maintenance and continued subculture of 
streptococcus MG in the laboratorj-, Todd-Hcwitt broth 
was employed. When cultures were stored at 4° C. for 
periods of lonpcr than I week, defibrinated rabbit blood 
was added to the broth in a concentration of 2 per cent. 
Blood broth cultures of streptococcus MG remained viable 
for as lonp as 2 months at 4° C. 

Nutrient agar containing 5 per cent sucrose was em- 
ployed for the differentiation of streptococcus MG from 
Str. salivarius. The latter organism has been shown 
to produce very large, mucoid colonies on agar containing 
5 per cent sucrose (10). In contrast, streptococcus MG 
grew on this medium in the form of small fluorescent 
colonies. 


Rabbit antisera 

Antiserum was prepared by the intravenous immuniza- 
tion of rabbits with saline suspensions of heat-killed strep- 
tococcus MG. The details of the procedure used for 


^ The authors are grateful to Dr. A. A. Applebaum, 
Toledo, Ohio, Major J. H. Dingle, M.C., A.U.S., Fort 
Bragg, N. C., Dr. W. S. Tillett, New York, N. Y., Com- 
mander J. A. de Veer, M.C.; U.S.N.R., New York, N. Y., 
and Dr. W. C. Von Glahn, New York, N. Y., who gen- 
erously supplied specimens of lung tissue. 


immunization arc described elsewhere (5). The immune 
sera thus prcparcil usually possessed agglutination titers of 
1 :2S0n or higher, and abo caused definite capsular swelling 
of streptococcus MG. 

Procedures for isolation and idenlificalion 

:\ loopful of sputum was inoculated into approximately 
4 ml. of the semisdectivc nicfliiirn dcscriberl above, and 
incubated at .I?” C. for 24 to 48 hours. Throat swabs were 
placcfl directly in 4 ml. of this medium and incubated in 
a similar manner. Lung tissue suspensions were ctdtured 
in Brewer’s thioglycollate mcflium. 

It should be noted that streptococcus MG grew very 
poorlj', or not at all, ivJtcn suspensions of lung tissue con- 
taining it were streakefi on the surface of blood agar 
plates, either under aerobic or anaerobic conditions. The 
reason for this is not clear, since broth cultures of strepto- 
coccus MG grew readily when inoculated on blood agar, 
and formed small, grey, coniform colonies. The failure 
to obtain growth with direct cultures of lung tissue on 
blood agar was apparently not due merely to the presence 
of small numbers of streptococci in the lung tissue sus- 
pension, since, as will be shown below, these suspensions 
even when diluted to 10'* yielded growth in thioglycollate 
medium. 

When visible growth in broth had occurred, a loopful of 
the culture was mixed with a loopful of rabbit anti- 
strcptococcus MG scrum together with a loopful of 1 per 
cent methylene blue, and was then c.xamined for capsular 
swelling. A positive qucllung reaction was taken to 
indicate the presence of cither streptococcus MG or Str. 
salivarius, t 3 ’pc 1. Evidence is presented elsewhere (3) 
which shows that the latter rnicroorganism possesses cer- 
tain antigenic components also present in streptococcus 
MG. 

In order to differentiate streptococcus MG from Str. 
salivarius, type I, the cultures were then inoculated on the 
surface of 5 per cent sucrose agar plates. Single samples 
of the small, fluorescent colonies formed on this medium 
by streptococcus MG were inoculated in beef-infusion 
broth. Following growth in broth, the cultures were 
again tested for quellung in rabbit anti-streptococcus MG 
serum. 


ISOL.ATION OF STREPTOCOCCUS MG 
FROM LUNG TISSUE 

Lung tissues from 8 fatal cases of primary 
atypical pneumonia, and from 6 patients who 
died of other causes were cultured by the 
methods described above. The results are 
shown in Table I. Streptococcus MG was iso- 
lated from 6 of the 8 specimens of lung tissue 
from patients with primary atypical pneumonia. 
In contrast, this microorganism was not isolated 
from any of the 6 lung specimens from patients 
with other diseases, including 1 case of psittaco- 
sis, 1 of traumatic death, and 4 of pneumonia due 
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TABLE I 

Isolation of streptococcus MG from the respiratory 
tract of human beings 


Spedtnen 

Diagnosis 

Number 

Positive cultures 

patients 

Number 

Per cxiiit 

Lung 

Primary atypical 
pneumonia 

8 

6 

75 

Other diseases* 

6 

0 

0 


Primary atypical 
pneumonia 

97 

53 

55 

i 

! 

Acute respiratory 
infection without 
pneumonia 

39 

j 

13 

33 

Sputum or 
throat swab 

Pneumococcal 

pneumonia 

19 

4 

21 


Other bacterial 
pneumonias 

15 

3 

20 


Influenza A 

9 

0 

0 


Normal persons 

57 

7 

12.5 


* 1 psittacosis, 1 trauma, 4 bacterial pneumonia. 


to other varieties of bacteria. The 6 patients 
with primary atypical pneumonia whose lung 
tissues yielded positive cultures died between the 
8th and 22nd day after the onset of the disease, 
while the 2 negative specimens were from pa- 
tients who died on the 25th and 34th days, 
respectively, after onset. 

Sir. salivarius was not encountered in any of 
the cultures of lung tissue from patients with pri- 
mary atypical pneumonia. Four of the speci- 
mens contained small numbers of other bacteria 
which could be eliminated from the cultures by 
preparing higher dilutions of the suspensions of 
lung tissue before culturing in thioglycollate 
broth. It is noteworthy that pure cultures of 
streptococcus MG were obtained from 4 of the 
lung specimens when dilutions as high as 10"‘ 
were cultured. 

Occasional colonics of the strains of non- 
hemolytic streptococci isolated from lung tissue 
Were encountered which did not exhibit quellung 
in tlie. presence of rabbit anti-stroptoccxrcus MG 
serum. When grown in broth, sulxrultures from 
tlu-ve p.articul.Tr colonies produced a fiocculent 
tyiw of growth, rather th.an the difTuse type of 
gr»n\th ch.Tr.icteristic of streptococcus MG. 
I'ut'.lier comnu-r.ts on these strains will !>,• found 


below under the heading: Dissociation of strep- 
tococcus MG. 

ISOL-ATION OF STREPTOCOCCUS MG FROM SPUTUM 

Specimens of sputum or throat swabs from 
patients with primary' atypical pneumonia, pa- 
tients with other infectious diseases, and normal 
persons were cultured in the semiselective me- 
dium by the methods described above. The 
results are included in Table I. Streptococcus 
MG was isolated from 53 of a total of 97 speci- 
mens from patients with primary' atypical 
pneumonia. This microorganism was also re- 
covered from 13 of 39 specimens from patients 
with acute upper respiratory infections without 
pneumonia, or so-called “catarrhal fever,” from 
4 of 19 specimens from patients with pneumo- 
coccal pneumonia, and from 3 of IS specimens 
from patients with other ty'pes of bacterial 
pneumonia, but was not obtained from the 
sputum of 9 patients with influenza A, Strep- 
tococcus MG was isolated from the throat cul- 
tures of 7 of a total of 57 normal persons. 

BIOLOGICAL CHARACTERISTICS OF 
STREPTOCOCCUS MG 

A total of 59 strains of streptococcus MG have 
been subjected to a detailed investigation. Each 
of these strains was selected on the basis of the 
following criteria: {!) quellung in rabbit anti- 
streptococcus MG scrum, and (2) the formation 
of small fluorescent colonies on 5 per cent sucrose 
agar. Thirty-three of these strains were also 
tested by' the agglutination technique with acute- 
phase and convalescent serum from selected pa- 
tients with primary’ atypical pneumonia. linch 
of these strains was agglutinated by convalescent 
scrum but not by acute-phase serum. Tlie 
characteristics of the agglutin.-jtion reactions 
with these strains were identic.il to those not'^d 
with the first strains of strejUfK-occus MG i'^)- 
latcd (1). 

None of the 59 strains prc/iuceri gn-.-.’iir;:.: or 
hemolysis of ralibit b!r>''/l agar when 
for 24 ho'jrs. Howivi-r. longer of in- 

cubation resulte;' in the {/rf-inr;:';;! r,f di ;ir,''t 
greening by some strairw, S-ver.i,! pri- 

ducc-d more dcfmite i-ri.-r.ir.r ea 

hors*' or sh.'.-. p h!''*'*.! .aear, 

A tiet.aiifii a'ce',;:’.: f f j, rr r:;-- 
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of streptococcus MG is t;iven in a separate paper 
(2). It was found that there was a strikintc 
homogeneity in the jjropcrties of different strains 
of streptococcus MG, and that these properties 
made it possible to differentiate this microorgan- 
ism from other non-hcmolytic stro{)tococci. It 
was also found that streptococcus MG was not 
pathogenic for any of the common laboratory 
animals. It was highly resistant to bile, and to 
the bacteriostatic action of sulfapyridine, .as 
tested by the method of MacLeod and Mirick 
(11). It was however, susceptible to the effect of 
penicillin. 

Effect of storage at —70° C. 

Most of the specimens of lung tissue and spu- 
tum from patients with primaiy' atypical pneu- 
monia had been stored at — 70°C. for periods 
varjang from a few days to two years. It was 
therefore of interest to determine the effect of 
storage under these conditions upon freshly 
isolated cultures of streptococcus MG. Young 
broth cultures of 19 strains of this bacterium 
were stored at — 70°C. for 3 months. At the 
end of this time, subcultures from these tubes 
were made in beef-infusion broth and in gentian 
violet-sodium azide-sulfapyridine broth. It was 
found that 3 of the strains failed to grow in 
either medium, and that 7 others grew in beef- 
infusion broth but failed to grow in the semi- 
selective medium. With 5 of the broth sub- 
cultures, capsular swelling in the presence of 
rabbit antiserum could no longer be demon- 
strated. The adverse effect of storage of strep- 
tococcus MG under these conditions suggests 
that this microorganism may be more readily 
isolated from freshly obtained specimens of 
sputum or lung tissue than from specimens which 
have undergone prolonged storage at —70 C. 

Soluble specific substance of streptococcus MG 

When sterile filtrates of broth cultures of 
streptococcus MG were mixed with homologous 
immune rabbit serum, definite precipitation oc- 
curred. Precipitation did not occur when such 
filtrates were mixed with normal rabbit serum 
or with the serum of rabbits immunized with 
pneumococci or beta-hemolytic streptococci. 
This finding together with the positive quellung 
reactions obtained with homologous immune 


rabbit serum suggested that strojitocnccus MG 
might possess a cajisular fiolysaccharide analog- 
ous to those of type-specific pneumococci. 
Evidence lias been obtained which indicates that 
streptococcus MG does possess a capsular poly- 
s.accharide and that the type-specific immuno- 
logical reactions obtained with this microorgan- 
ism arc dependent upon the [ire.sencc of this 
substance (3). The results of [irecii/itation tests 
with the capsular polysaccharide and serum 
from patients with i)rimary atypical pneumonia, 
intradcrmal tests with the substance in patients 
with this illness, and tests for the antigenicity 
of the polysaccharide in normal human beings 
will be given below. 

Dissociation of streptococcus MG 

Hy means of prolonged cultivation in broth 
cont.aining homologous immune rabbit serum, 
dissociation of streptococcus MG was induced. 
The so-called R variants obtained by this pro- 
cedure no longer were capable of synthesizing 
demonstrable capsular polysaccharide, and failed 
to give a positive quellung reaction with rabbit 
anti-streptococcus MG scrum (3). The serum 
of rabbits immunized with R variants was cap- 
able in high dilution of agglutinating the R 
variants but either failed to agglutinate encap- 
sulated strains of streptococcus MG or agglu- 
tinated them only at ver>' low serum dilutions. 
In their biological and immunological properties, 
these R variants closely resembled certain single 
colony strains described above, which were ob- 
tained from the lung tissues of fatal cases of 
primary atypical pneumonia and which were 
negative in the quellung test. The available 
evidence suggests the possibility that these latter 
strains may represent similar non-encapsulated 
variants of streptococcus MG. 

Antigenic relationship of streptococcus MG to 

Streptococcus salivarius, type I 

The results obtained in studies on the bio- 
logical properties of streptococcus MG (2), indi- 
cated clearly the marked differences between the 
characteristics of this microorganism and those 
of the Str. salivarius group. One striking and 
easily recognized differential property is their 
colonial morphology on nutrient agar containing 
5 per cent sucrose. As was stated above, strep- 
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TAHI.K 11 


RcsttUs of ai^flulitiation trsis of^ninst <;lrfl>!ncorr.us ^fG loith 
aaUc-phasc. and convalescent sernm in 
primary atypical pneumonia 


Ca<c 

number 

D.iy of 
clWe.oc 

Pihitlno of f'-niin 

1:10 

1 ; 20 

1:10 

1 :P0 

l:U.O 

1 :.120 

2S4 

6 

0* 

0 

0 

0 

0 

0 


S 

0 

0 

0 

0 

0 

0 


14 

4 

4 

4 

■1 

■1 

3 


20 

4 

4 

4 

■1 

4 

3 


29 

4 

4 

4 

•1 

3 

0 


.S7 

4 

3 

1 

0 

0 

0 

2S6 

S 

0 

0 


0 

0 

0 


10 

0 

0 

0 

0 

0 

0 


16 

4 

1 

0 

0 

0 

0 


32 

4 

4 

4 

4 

2 

0 


42 

4 

4 

4 

2 

0 

0 


.vl 

4 

2 

0 

6 

1 

0 

0 


• Figures refer to degree of agglutination 

4 = complete agglutination with <lisc formation 
1 = slight agglutination 
0 = no agglutination 


The results of agglutination tests against 
streptococcus MG with scrum specimens ob- 
tained from 2 selected patients at various periods 
during the course of primary atypical pneumonia 
are shown in Table II. It will be noted that, in 
both instances, agglutination did not occur with 
sera obtained early in the course of the illness, 
whereas marked agglutination took place with 
sera obtained later. With sera from one patient, 
the agglutination titer was found to be 1:320 on 
both the 14th day and 20th day after onset. 


1 : 160 on the 29th flay, and 1 :40 on the 57th day. 
With .sera from the other patient, the agglutina- 
tion titer was 1:20 on the 16th day, 1:160 on 
the 32nd day, 1:80 on the 42nd day, and 1:20 
on the S'lth day after onset. As is indicated by 
the result.s shown in Table II, the agglutination 
produced by the convalescent scrum of these 
I)aticnts consisted of large plaque-Iike discs of 
bacteria with a clear supernatant fluid. \h'gor- 
ous shaking of the tubes rauserl some breaking 
up of the larger chun[)s but obvious agglutina- 
tion persisted even after prolonged shaking. 
The gross appearance of the agglutinated bac- 
teria was indistinguishable from that which was 
obsereed with this microorganism in the presence 
of anti-streptococcus MG rabbit scrum. 

The results of agglutination tests against 
streptococcus MG with acute-phase and con- 
valescent sera from 193 patients with primar>’ 
atypical pneumonia are summarized in Table III. 
It will be seen that of 158 acute-phase sera which 
were obtained during the first week of the dis- 
ease, only 5 were capable of agglutinating this 
microorganism. In contrast, 130 (67.4 per cent) 
of a total of 193 convalescent sera agglutinated 
streptococcus MG in serum dilutions ranging 
from 1:10 to 1:320. It will be noted that the 
convalescent sera from 54 patients (28.4 per cent) 
of the entire group, possessed an agglutination 
titer of only 1:10. Each of these sera was re- 
tested, with similar results. The significance of 
agglutination titers of 1:10 is obviously open to 


TABLE III 

Results of agglutination tests with streptococcus MG and the scrum of human beings 


Diagnosis 

Serum 

Number 

of 

patients 

Agglutination titer 

Total 

number 

positive 

Percent- 
age of 
positive 

<1:10 

1:10 

1:20 

1:40 

1:80 

1:160 

1:320 

Primary atypical pneumonia 

Acute 

Conv. 

158 

193 

153 

63 

3 

54 

1 

35 

1 

19 

0 

16 

0 

4 

0 

2 

5 

130 

3.2 

67.4 

Acute respiratory infection 
without pneumonia 

Acute 

Conv. 

36 

36 

36 

31 

0 1 
5 

0 

0 

0 j 
0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

13.9 

Other acute infectious diseases 

Acute 

Conv. 

83 

84 

83 

82 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

2 

0 

2.4 

Normal persons 


75 

75 

0 

0 

0 

0 

0 

0 

0 

0 

Normal persons 
(Training Station) 


246 

210 

29 

i 

■ 

0 

0 

0 

0 

36 

14.6 

Vaccinated persons 
(Strep. MG) 

Before 

After 

11 

11 

11 

0 

0 

0 

0 

3 

0 

3 

0 

2 

0 

3 

0 

0 

0 

11 

0 

100.0 
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parcntly due to autipenic similarities iu tlie 
capsular polysaccharides of (hose two micrO' 
organisms (3). It was therefore of interest to 
determine whether suspensions of Sir. salivarius, 
type 1, were also agglutinated by convalescent 
sera. Acute-phase and convalescent sera from 
99 patients with primary atypical pneumonia, 
each of whom was found to have developed ag- 
glutinins for streptococcus MG, were tested 
against suspensions prepared from cultures of 
Sir. salivarius, type 1, and Sir. sal:vartu.<;, type 
11." It was found that the convalescent sera of 
6 of these 99 patients also were capable of ag- 
glutinating Sir. salivarius, type I, and that the 
convalescent sera of 3 other patients agglu- 
tinated Sir. salivarius, type 11. With sera from 
the remaining 90 patients, agglutination did not 
occur in tests against cither typo I or type II 
Sir. salivarius. Acute-phase and convalescent 
sera from 45 patients with primary atypical 
pneumonia, no one of whom developed demon- 
strable agglutinins against streptococcus MG, 
were also tested against suspensions of Sir. 
salivarius, type I, and Sir. salivarius, type 11. 
It was found that none of the sera from these 45 
patients was capable of agglutinating either type 
of this microorganism. 

An analysis of the increases in titer observed in 
agglutination tests against streptococcus MG 
with sera from patients with primary atypical 
pneumonia is shown in Table IV. In a group 
of 99 patients whose sera yielded positive results, 
and from whom 2 or more samples of serum were 


TABLE IV 


Comparison of agglnlination titers of acute-phase and 
convalescent sera of patients with 
primary atypical pneumonia 


streptococcal 

suspension 

Number 

of 

patients 

Increase in titer of 
convalescent serum 

. ^ 

OX 

2X 

4X 

8X 

16X 

32 X 

64 X 

Streptococcus MG 

99 

3* 

47 

25 

13 

8 

2 

1 

Streptococcus salivarius, 
type I 

99 

93 

3 

1 

1 

0 

1 

0 

Streptococcus salivarius, 
type 11 ' 

99 1 

1 

96 

1 

1 

1 

0 

0 

0 


* Figures refer to number of patients who showed desig- 
nated increase in titer. 


I The strains of Sir. salivarius, type I type II, were 
obtained through the courtesy of Dr. J. M. Sherm^ of 
Cornell University School of Agriculture, Ithaca, N. Y. 


obtained during the rour.sc of the disease, a 
2-fold increase, in the titer of the convalescent 
sertim was demonstrated in 47 patients, a 4-fold 
increase in 25, an 8-foId increase in 13, a Ifi-fold 
increase in 8, a 32-foId incrcn.se in 2, and a 64-fold 
increase in 1, In 3 patient.s, agglutinins were 
present in the acute-phase .serum and no increase 
in the titer of the convalo.scent scrum was 
demonstrable. 

Analy.ses of the increases in titer observed in 
agglutination tests against either Sir. salivarius, 
type I or type II. with sera from this .same group 
of 99 patients, are also shown in Table IV. It 
will be seen that in tests with Sir. salivarius, 
type 1, no increase in the titer of the convalescent 
sera of 93 patients was observed, while a 2-fold 
increase in titer was demonstrated in 3 patients, 
a 4-fold increase in 1, an S-fold increase in 1, 
and a 32-fold increase in 1. It will also be 
noted that in tests with Sir. salivarius, type II, 
no increase in the titer of the convalescent sera 
of 96 patients was obscrv’cd, while 2-foId, 4-foId, 
and 8-fold increases, respectively, were demon- 
strated in 3 patients. 

It has already been mentioned that non- 
encapsulated, so-called R variants of strepto- 
coccus MG were obtained by inducing dissocia- 
tion of this microorganism. These R variants 
possessed antigens which were immunologically 
distinct from the capsular polysaccharide of 
streptococcus MG (3). When acute-phase and 
convalescent sera from selected patients with 
primary atypical pneumonia were tested, by the 
agglutination technique, against such R variants, 
it was found that the convalescent sera aggluti- 
nated the R variants whereas the acute-phase 
sera did not. The agglutination of R variants 
produced by convalescent sera was distinctly 
different from the agglutination of encapsulated 
streptococcus MG produced by the same sera. 
Agglutination of R variants was characterized 
by the formation of very small bacterial clumps 
which were easily dispersed by gentle shaking. 

It is noteworthy that the agglutination of R 
variants produced by the serum of rabbits, 
immunized with either streptococcus MG or its 
R variant, was similar in all respects to that 
produced by the serum of patients convalescent 
from primary atypical pneumonia. These find- 
ings suggested that convalescent sera possessed 
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dilutions ns Iiigli ns 1 : 1,000,000. I'or tests with 
luunnn sera, a 1:10,000 dilution of the ijolysac- 
chnridc was found to be satisfactory. 

Convalescent sera from 11 of the 16 patients 
with primary atypical pneumonia produced 
visible precipitation with the capsular poly- 
saccharide. None of the acutc-f)hnse sera from 
these patients yielded precipitates under iden- 
tical conditions. liiach of the sera from 10 
.normal persons was negative. Kour weeks after 
the injection of the capsular j)olysaccharide, 
however, specific prccipitins were demonstrable 
in the sera of 9 of these 10 persons. 

.Absorption tests were carried out with selected 
samples of convalescent scrum, in order to de- 
termine whether the ag.glutination and precipita- 
tion reactions were produced by the .same anti- 
body. It was found that absorption of such 
scrum with either a suspension of streptococcus 
MG or with its capsular polysaccharide resulted 
in the removal of both the agglutinins for the 
streptococcus and the prccipitins reactive with 
the polysaccharide. 

'Fhc precipitation test was found to be of 
limited usefulness with sera from patients with 
primary atypical pneumonia, since positive reac- 
tions were only obtained with sera which pos- 
sessed relatively high agglutination titers. More- 
over, positive precipitation tests were usually not 
obtained for as long a period during convales- 
cence as were positive agglutination tests. 

QUELLUNG TEST 

Convalescent sera from 5 selected patients 
with primary atypical pneumonia, each of which 
had a high agglutination titer for streptococcus 
MG, were tested for their capacity to produce 
capsular swelling of this microorganism. A loop- 
ful of undiluted serum was mixed with a loopful 
of an 18-hour broth culture of streptococcus MG, 
and a loopful of 1 per cent methylene blue. The 
mixtures were then examined under the micro- 
scope for the presence of a positive quellung 
reaction. Definite quellung was produced by 2 
different samples of convalescent serum, ob- 
tained from 1 patient during the second and 
third weeks of the disease. Each of these sera 
possessed an agglutination titer of 1 :320. With 
the. convalescent sera from 4 other patients, 


which had lower n.gglufination (itens, cap.snlar 
swellin.g was not observcfl. 

CO.Mri.EMKNT FI.VATION' TESTS 

Complement fi.vation tests were performed 
with the acutc-fihase and convalescent sera of 12 
selected patients with primary atypical pneu- 
monia, u.sing the capsular polysaccharide of 
strcptncnccus MG a.s an antigen. In other tests 
with this anti.gen, complement fixation had been 
shown to occur in high dilutions of anti-strepto- 
coccus MG rabbit scrum. The method em- 
ployed in these tests was the same as that used 
in tests with rabbit anti.scrum, and is described 
elsewhere (3). 

It was found that the convalescent scrum of 1 
patient in a serum dilution of 1:32 produced 
complement fi.vation with the capsular poly- 
saccharide of streptococcus MG. The convales- 
cent sera of each of the other II patients were 
negative in this test, although some of these 
sera possessed relatively high agglutination titers 
and were positive in precipitation tests. 

SKIN TESTS WITH THE CAPSULAR POLYSACCHARIDE 
or STREPTOCOCCUS MG 

The capsular polysaccharide of streptococcus 
MG was injected intradermallj' in 22 patients 
with primary atypical pneumonia, 14 patients 
with other acute infectious diseases, and 14 
normal persons. Similar tests were also per- 
formed in 5 persons who had received an intra- 
dermal injection of the polysaccharide 2 weeks 
previously. 

The skin test consisted of the intradermal in- 
jection in the anterior surface of the forearm, of 
0.1 ml. of sterile saline containing 10 ng. of poly- 
saccharide. A control injection of saline was 
made in a corresponding area on the other arm. 

In 7 of the 22 patients with primary atypical 
pneumonia who were given an intradermal injec- 
tion of polysaccharide during the second or third 
week after onset of the disease, a definite re- 
sponse occurred at the site of inoculation. This 
reaction, usually consisted of an itching wheal 
surrounded by a zone of erythema. It appeared 
within 2 hours after the injection and persisted 
for 24 hours or longer. In 15 of these 22 pa- 
tients, the reaction was negative. Negative 
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results were also obtained in 14 patients with 
other infectious diseases and in 14 normal 
persons. 

In each of the 5 normal persons who had pre- 
viously received an injection of the polysac- 
charide, positive skin reactions occurred which 
were similar in all respects to those observ'ed in 
the patients convalescent from primary atypical 
pneumonia. 

There appeared to be no direct correlation 
between the presence of circulating antibodies 
and positive skin reactions in the patients with 
primary atypical pneumonia, and it was not 
possible by means of serological tests to deter- 
mine at what period during convalescence the 
reaction might become positive. Repeated skin 
tests in the same individual during the course of 
the disease produced results which could not be 
interpreted, since a single injection of poly- 
saccharide stimulated the production of circu- 
lating antibodies against streptococcus MG and 
produced sensitization of the skin to a second 
injection 1 week later. The skin test was con- 
sidered to be of limited practical usefulness, 
although the results obtained with it provided 
further evidence for the presence of specific 
antibodies against streptococcus MG in patients 
convalescent from primarj' atypical pneumonia. 

PROPERTIES OF THE AGGLUTININ IN 
CONVALESCENT SERUM 

Certain properties of the agglutinin for strep- 
tococcus MG in the convalescent sera of 2 
patients with primarj' atypical pneumonia were 
investigated. The agglutination titer of these 
sera was not affected by alterations in pH over a 
range e.\tending from pH 4.5 to 9.0. It was 
found by fractional precipitation with ammonium 
sulfate that the agglutinin was present solely in 
the water-insoluble portion of the globulin frac- 
tion of the serum. These properties are among 
those which characterize sjxjcific antibodies (13). 

The agglutinin was found to be relatively 
thcmiol.abile, as compared with certain .other 
antibodies. Four-fold or greater reductions in 
the agglutination titers of certain sera were 
productxl by heating the undiluted serum for 
50 minutes at 56' C. and the agghitinin was 
almost entimly <lestroyi\l by he.rting at 60' ('. 
for a similar pr.ricyi. h is interest that the 


same degree of thermolability was encountered 
with the agglutinins which developed in the 
serum of monkeys which had been inoculated 
intratracheally with streptococcus MG. More- 
over, heating for 30 minutes at 56° C. reduced 
the agglutination titers of the sera of human 
beings who had received intradermal injections 
of the capsular polysaccharide of this micro- 
organism. 

It has been showm that the acute-phase sera 
of patients with primary atypical pneumonia 
contain an abnormal protein -which reacts in 
precipitation tests with the C-polysaccharide of 
pneumococcus (4). This C-reactive protein is 
also known to be present in serum during the 
early stages of many other varieties of acute 
infectious disease (14). It was of importance 
to determine whether any relationship c-visted 
between this protein and the agglutinin for 
streptococcus MG in the serum of patients with 
primary atypical pneumonia. In a scries of IS 
patients, C-reactive protein was found to be 
present almost invariably in acute-phase scrum, 
while agglutinins for streptococcus MG were not 
demonstrable in any of these sera. On the other 
hand, C-reactive protein was not present in any 
of the convalescent sera at the time when ag- 
glutinins for streptococcus MG had reached 
their maximum titers. Tliese findings indicate 
that the agglutinin for streptococcus MG was 
distinct from the C-reactive protein. 

It has also been shown that the convalescent 
sera of certain patients with primary atypical 
pneumonia are positive in the cold-hemagglii- 
tination test (6, 7), and in complement fixation 
tests with a variety of unrelated tissue antigens 
(5). Each of these non-specific .•serological 
phenomena was encountered with the of 
certain patients in this serie.s (4). However, 
many convalescent sera were found to {kc-'-sn 
agglutinins for streptococcus .MG in high tit' r 
while cold-hcmagglulinins '.eere not (hrnnn- 
strable. Furthermore, the sera of a fev.- ji.uient'. 
were capable of c.au'-ing cold-h.'-rnag.'Intinati'-):! in 
high liter, although tlu-y did not .-e.*;'!;;- 

tinins for streptoc'^^-cut MG. Simil.irl;.-, .a 
bwr of ser.a which po- .•'fl a.-.'.'h.i’.inir.' for 
5lreptrv.'(XT u< MG f.‘;ih.-! tfi < \hiT':’. ih*- prr ; 
of non-'^pvifir c'-mp'-Tn'r.' nw-.'.:-;''. . ‘ih'-' ^ 
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TAm,t; vj 

Kcsulli of rross-nhsorplior. tests vith the ronralrseer.t srrutr; of a patient u-ith primary atypical pnetirnnnia 


Scrum 

Tril 

1: 10 

S' 

I::o 

rriim diiiili 

1;.10 

if>n 

1 :S.O 


Unabsorbed 

1) .Aeiihitiuatioii of stroptocorxus MG 

n 

4 

4 

4 

4 


2) Cold hom.iRRliitiiiation 

mm 

4 

2 

2 

0 


3) Complement fixation with mouse lung 

HI 

4 

1 

0 

0 

.Absorbed with strep. MG 

1) Agglutination of streptococcus MG 

■ 0 

0 i 

0 

0 

0 


2) CokI hemagglutination 

4 

4 

2 

2 

0 


Complement fixation with mouse Jung 

4 

4 

0 

0 

0 

.Absorbed with iiunian RBC 

1) Agglutination of .streptococcus MG 

4 

4 

4 

4 

3 


2) Cold hemagglutination 

0 

0 

0 

0 

1 0 


3) Complement fixation with mouse lung 

4 

4 

1 

0 

0 

.Absorbed with mouse luiiK 

1) .Agglutination of streptococcus MG 

4 

4 

HI 

4 

4 


2) Cold hemagglutination 

0 

0 


0 

0 


3) Complement fixation with mouse lung 

0 

0 


0 

0 


streptococcus MG were independent of the 
other 2 serological phenomena. In order to de- 
termine whether any direct relationship c.xisted, 
cross-absorption tests were carried out with 
several samples of convalescent serum which were 
positive in each of these 3 different tests. The 
results of a typical cross-absorption c.xperiment 
arc illustrated in Table VI. It will be seen that, 
before absorption, this scrum produced agglu- 
tination of streptococcus MG in a titer of 1 : 160, 
cold-agglutination of human group 0 erythro- 
cytes in a titer of 1:80, and complement fixation 
with normal mouse-lung antigen in a titer of 
1:40. Following absorption of this scrum with 
streptococcus MG, the agglutinins for this micro- 
organism were completely removed while the 
titer of both cold-hemagglutination and non- 
specific complement fixation remained almost 
unchanged. Similarly, when the serum was 
absorbed Avith human group 0 erythrocytes, or 
with a suspension of mouse-lung tissue, the cold- 
hemagglutinins or the property of non-specific 
complement fixation were removed, while the 
agglutinin titer for streptococcus MG remained 
the same as before absorption. These results 
indicated that the agglutinin for streptococcus 
MG in convalescent serum was independent of 
the 2 non-specific serological phenomena men- 
tioned above. 

discussion 

Non-hemolytic streptococci are known to be 
present commonly in the upper respiratory 


tract of human beings, and arc generally re- 
garded as non-pathogcnic saprophytes. Micro- 
organisms belonging to this diverse group are 
encountered in cultures of the throats of many 
normal persons. The classification of non- 
hemolytic streptococci has not yet been com- 
pleted although many workers have entered upon 
the problem. One distinct species of non- 
hemolytic streptococci, Sir, salivarius, has been 
well characterized and can be distinguished 
readily from other non-hemolytic streptococci, 
both by biological and immunological tests (10). 
The so-called Sir. niilis group appears to possess 
much less distinctive properties and probably 
cannot be considered to be a homogeneous 
species (10). The other varieties of non-hemo- 
lytic streptococci commonly present in the upper 
respiratory tract have not so far been classified 
satisfactorily. 

The microorganism which has been referred 
to in this paper as streptococcus MG Avas readily 
differentiated from either Sir. salivarius or the 
Sir. milis group. The strains of streptococcus 
MG Avhich have been studied shoAved a suffi- 
ciently striking homogeneity as regards both 
their biological and immunological character- 
istics, to Avarrant the conclusion that they con- 
stituted a distinct species and belonged to a 
single serological type. 

Streptococcus MG Avas isolated from the 
lung tissues of 6 of a total of 8 patients Avho died 
of primary atypical pneumonia, and Avas not 
obtained from the lung tissues of 6 patients Avho 





































239 


STREPTOCOCCUS MG AKD ATYPICAL PNEUMONIA 


died of Other causes. It was isolated from the 
sputum or throat swabs of 53 of a total of 97 
patients with primary atypical pneumonia, and 
20 of a total of 82 patients with other acute 
infectious diseases, as well as 7 of a total of 57 
normal persons. 

Evidence was obtained which indicated that 
in 4 of the lung tissues from fatal cases of pri- 
mary atypical pneumonia, streptococcus MG 
was present in numbers of the order of 100,000 
or more per gram of lung tissue. 

It was found that 67 per cent of 193 patients 
with primary atypical pneumonia developed, 
during convalescence, antibodies directed against 
streptococcus MG. The available evidence in- 
dicates that the serological reactions obtained 
with this non-hemolytic streptococcus and the 
convalescent sera of patients with primary 
atypical pneumonia were due to the presence of 
specific antibodies and not to some non-specific 
property of these sera analogous to that re- 
sponsible for cold-hemagglutination (6, 7) or 
complement fixation with various tissue antigens 
(5). With but relatively few exceptions, such 
antibodies were demonstrable only in the con- 
valescent sera of these patients and not in the 
serum of patients with other infectious diseases. 
Positive reactions did not occur when convales- 
cent sera possessing high agglutination titers for 
streptococcus MG were tested against a number 
of other bacterial species. Sir. saUvarius, type I , 
which has been shown to possess certain antigens 
in common with streptococcus MG, was ag- 
glutinated only by some 6 per cent of convales- 
cent sera which were capable of agglutinating 
the latter microorganism. Moreover, it has 
been shown that the antibodies in the convales- 
cent sera of patients with primary- atypical 
pneumonia reacted with at least 2 separate and 
distinct antigenic components of streptococcus 
MG, namely, its capsular iX3lysaccharide and 
one or more somatic antigens. 

The significance of this non-hcmoIytic strep- 
tococcus in relation to primar\’ atypiad pneu- 
monia is not yet clc.ar. There ap[>car to Ivc a 
nund'cr of possible e.xplanations which must Ix; 
considerwl sejvarately. First, it S'.vms jx^-^ible 
that the obserwxi serologic-r! reaction- micht be 
the rix;uk of a coinddcntal antigenic relati-in- 
s!itj» Intween this non-hemo'ytic str^pitr oern-, 


and some other agent, perhaps a virus, which is 
itself the causative agent in primar 3 >- atypical 
pneumonia. This possibility may be considered 
as analogous to the positive serological reactions 
obtained vdth members of the B. proteus group 
in various rickettsial diseases. There are, how- 
ever, certain reasons for doubting the validity 
of this hypothesis. It would hardly account 
for the presence of this streptococcus in con- 
siderable numbers in the lungs of fatal cases of 
primaty atypical pneumonia. Furthermore, it 
would be surprising if there were an antigenic 
relationship between 2 separate and antigeni- 
cally distinct components of this bacterium and 
some other agent. In vierv of the presence in 
convalescent serum of antibodies directed against 
both the capsular polysaccharide and somatic 
antigens of streptococcus MG, such an assump- 
tion would be necessary. 

Secondly, it seems possible that this non- 
hemolytic streptococcus might occupy the r61c 
of secondary invader in primary atypical pneu- 
monia. In this regard, it is of interest that other 
investigators have called attention to the fre- 
quent occurrence of non-hemolytic streptococci 
in primary' atypical pneumonia (15, 16). The 
possibility that these microorganisms may repre- 
sent secondary' invaders has been suggested 
(17, 18). An association between non-hemo- 
lytic streptococci and other clinical varieties of 
pneumonia has also been reported by’ a number of 
investigators (19 to 22). The possibility that 
streptococcus MG may be involveel in ])rimary 
atypical pneumonia as a secondary invader 
cannot be excluded. However, this term usually 
implies an accidental or random association 
between an infectious agent and a disease, 
rather than an association with such a relatively 
high proportion of cases as is indicatcxl by the 
results of this study. It seems rather unlikely 
that an accidental association should occur with 
microorganisms which, in each in'-tanc!-. v.trc 
member’s not only of a single sp'-ci'-'-. but 
of one serological tyjx.-. 

Thirdly, it S'-,:ns j> 0 "ib''- th.at thiis n't:- 
hemolytic streptoco'-ru*-. al'ea- <■: in 

concert with some otia r infcetii u' .-..g nt, rn’. ‘;t 
lx* prim.arily inN olv'-'l in tla- p-;t::'c'' '’f 
primary atypical pnmmmnli. T;:-- avauA 
e\-;dtnr.- :< nut -mi r.t t<= -err.-::' the ce-p- 
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lance of this hypothesis at the present time, 
althouRli the results of this study su^ijesl paths 
for furllier cxidoration. 

SUMMARY 

Non-heniolytic streptococci, comprisiiut a ho- 
mogeneous group and Ijelonging to a single 
immunological type, have been isolaterl from the 
lungs and sputa of patients with primary atyp- 
ical pneumonia. Specific antibodies directed 
against this species of streptococcus have been 
demonstrated in the convalescent serum of 
patients with primary atypical imeumonia by 
means of a number of serological techniques. 
With few exceptions, such antibodies were not 
demonstrable in the scrum of these patients 
during the acute phase of the disease, in the 
scrum of patients with other diseases, nor in the 
serum of normal persons. 

The significance of these results is not yet 
clear, but they suggest the possibility that this 
non-hcrnolytic streptococcus may, in some man- 
ner, be implicated in the pathogenesis of primary 
atypical pneumonia. 
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During the 10 years which have passed since 
the disease now designated as primary atypical 
pneumonia began to take form as a definite 
clinical entity, considerable progress has been 
made in studies of its clinical and epidemio- 
logical aspects (1). Progress in etiological stud- 
ies, however, has been comparatively slow. The 
isolation of a number of infectious agents from 
single patients or small groups of patients (2 to 
10) has made it clear that the clinical syndrome 
under discussion is of diverse etiology' and that 
the human organism, like a variety of experi- 
mental animals, may show a somewhat similar 
clinical and pathological response when any one 
of a number of unrelated nonbacterial infectious 
agents is introduced into the lower respiratory 
tract. At the same time, there is no convincing 
evidence that the great majority of cases re- 
ported have been due to any of the viruses or 
rickettsiae isolated up to the present. 

The discovcty' that an infectious agent in the 
sputum or lungs of patients with primaiy atyp- 
ical pneumonia produced a pneumonic infiltra- 
tion when inoculated intranasaliy into cotton 
rats (11) opened a new line of approach. In- 
vestigation was further facilitated by the sub- 
sequent demonstration that this agent, pre- 
sumably a virus, multiplied when introduced 
from human material into the amniotic sac of 
the chick embrj’o and that suspensions of in- 
fected chick cmbr\o tissues produeexi a similar 
pneumonic response in cotton rats and banisters. 
The properties of this virus, which is apparentlv 


' Hic fUidiVs and oh^enAtiorK on \v!i!ch ths': p.ipcT L 
lu^-d Mvre -sipjxirttHl liy the IntcrieuSonal Hc.ihh Di'vjvbn 
of The Kochefeller Koiindation. 

■ IsepO'wntin^ the Contn'-h-ion on Iv.iiwr.Ta, Boirvi for 
t)!e Invc'tis’ation .'.nd Contnd of I.-iflncnra and Other 
I.p'denua jn the .^my, I'revcr.tiw hft-ficinr 

S-rnlv. 0;T;rr of the Snrrr-nn (tenera! of th- I'n-:;-; 

Am'.v. 


not related to influenza virus (U’^pe A or B), 
psittacosis-like viruses, or the rickettsia of 
Q-fever, have been described elsewhere (12). 
It was found that serum taken early in the 
course of the disease failed to neutralize the 
virus, but that convalescent serum consistently 
protected the test animals. On the basis of this 
neutralization test, it has been possible to 
classify a group of cases of primaiy^ atypical 
pneumonia of a type which has, up to the present 
time, fallen into the category’ of unknown 
etiology. 

The correlation of the clinical and pathological 
findings in the various t>'pes of primarj' atypical 
pneumonia with the responsible etiological agent 
constitutes an important problem at the present 
time. In a previous report (13), clinical, labora- 
tor>% and pathological data have been presented 
on a group of 10 patients with atypical pneu- 
monia from whom psittacosis-like viruses were 
isolated. It was emphasized that infections 
due to those agents were comparatively rare and 
differed in certain important respects from those 
not due to psittacosis-like viruses. The puqiose 
of this paper is to present similar data on another 
group of cases of primarv' atypical pneumonia, 
together with evidence that they wore cause<i 
by this new atypical pneumonia virus. Criteria 
of proof of such an etiological relationship are 
(/) demonstration of virus in lung or sputum 
during the course of illness by animal isiocul.ation 
or by adaptation to chick fmbr>- 0 '. (3) flemnn- 
stration of an increase- in neutralizing .'intiU'ly 
during or after recover}' from the iUn' --. or 
preferably (J) both. 

The 10 ca.S'.'S [ires-.ntwi rcfirt"! nt :?;';t f> rrn 
of prim.ary atypir.'.l pri'-umoni;, o • 

cum.'fl frequent)-.’ in th:-- .'■.re,", duri-.;- t!' ■ ; -t 
•5 vt-ar.-, eit!;-. r a- .in epi'it n-''/ <■: - 
Tiif gro'up i-^ sirr.' -.’. j'. it -r; - ? 

fTiori.' f*' '»'» ft' !f- -.f- T' • r* 
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investigated. It is of considerable interest tliat 
most of the patients in the group developed sig- 
nificant titers of cold agglutinins (14). 

MATERIAL AND METHODS 

Clinical material. The c.nscs studied, with one excep- 
tion, were selected from .n Inr^cr group of .'ipproxim.itely 
100 C. 1 SCS which occurred in students .nt tlie University of 
California in Berkeley and at the University of California 
Medical Center in San Francisco during the period from 
July 1942 to March 1944. All the patients were between 
19 and 27 years of age. Ten of them were males. The 
single fatal case occurred at Lctlerman General Hospital. 

Isolation of virus. Specimens of sputum or lung were 
ground with alundum, diluted with broth to 10 or 20 per 
cent suspensions, lightly centrifuged, and inoculated intra- 
na.sally in 0.4 ml. amounts into cotton rats under ether 
anestliesia. Animals were sacrificed 7 to 14 days later, 
and the result was interpreted as positive when a definite 
area of pulmonarj' consolidation was present. Attempts 
to produce similar consolidation consistently by passage 
of lungs have, to date, failed or have been masked by the 
acquisition of other vini.‘:cs, presumably of animal origin. 

For tliis reason, isolation and passage in the amniotic 
sac of chick embryos has been used for most purposes. 
One strain was adapted to eggs from a sterile specimen of 
human lung without filtration. 'Fwo other strains were 
derived from sputum specimens which had been filtered 
through collodion membranes of 600 m;j average pore 


diameter. Pass,ige ha.s been marie in II- or 12-day-old 
embryos at S-d.ay intervals, amniotic membrane, trachea, 
and lungs being ground together for passage material. 
Presence of virus was detected by inoculating suspcn.sions 
of lhe,*rc tissues intranasally into hamsters or cotton rats. 
Pulmonary con.solidation like that following sputum inocu- 
lation was observed if virus was present in sufncienlamounts. 

Neutralization tests. Suspensions of chick embryo 
tissues, previously tested for ability to produce pulmonary 
consolidation in test animals, were mixed with an equal 
volume of serum. Acute and convalescent sera were 
inactiv.atcd and diluted with an equal volume of horse 
serum before mixing with the virus suspension, the test 
serum dilution being 1:4. After 20 minutes' incubation 
at room temperature, these suspensions were inoculated 
intrana.sally into hamsters or cotton rats. Four animals 
were tested with each suspension. Hamsters were .s,acri- 
ficed at 7 days and cotton rats at 12 to 14 daj's. The 
results were expressed as a fraction, the numerator indi- 
cating the number of animals showing pulmonary con- 
solidation, and the denominator, the total number tested. 
A mixture of the original virus suspension with an equal 
amount of horse scrum serx’cd as v'irus control, while a 
suspension of normal amniotic membrane, trachea, and 
lungs and an equal amount of hor.se senim scra’cd as 
animal control. Because the virus is labile, animals 
receiving the con\-aIescent scrum suspension were always 
inoculated before those receiving the acute scrum suspen- 
sion. Results of neutralization tests, together with certain 
clinical and laboratory findings, arc presented in Table I. 


TABLE I 


Summary of certain clinical and laboratory findings, cold agglutination tests, results of inoculation of sputum 
into cotton rats, and neutralization tests in 16 cases of primary atypical pneumonia 


Case 

Hish- 

cst 

temp. 

Dura- 

tion 

of 

fever 

Wliitc blood 
cell ranfic 

Ir 

"F. 

104 

days 

9 

5,800 to 9,600 

Ki 

103.6 

14 

8,800 to 9,550 

Pa 

101 

12 

9,300 

Gi 

103.6 

9 

8,450 

Yo 

104 

9 

5,500 to 12,400 

Sn 

104 

10 

4,950 

Mu 

104 

14 

5,100 to 8,300 

Bu 

104.8 

24 

7,750 to 37,600 

So 

102 

8 

8,200 to 13,200 

Do 

101.8 

16 

10,000 to 7,900 

Hu 

104.8 

19 

7,650 to 11,600 

Kr 

101.4 

7 

6,600 to 10,700 

Mur 

101.8 

8 

9,100 to 8,900 

Ta 

103.4 

16 

8,200 to 13,100 

Pg 

101 ' 

8 

8,200 

Dell 

105.4 

12 

8,000 to 22,000 


Lobes 

involved 


RLL 

RML, RLL 
RML 
RLL, LLL 
RUL, RLL 
RLL 
RUL 

RLL, RUL, LLL, 

LUL 

LLL ■ 

LLL, RLL 

RLL, LLL 

LLL 

RLL 

RLL 

RML 

LLL, LUL, RLL, 
RML, RUL 


Cold aKRliitinin titers 


D.iy bled 


5*. 37t 
7*, 43t 
7*, 13, 27t 
3*, 11, 37t 
4*, 16, 26, sot 
6*. 9, 16t 
4*, 12, 18t 
4*, 12, 25t, 46t 


7*, 12, 19, 27 
8*, 14, 21, 28 
7*. 14, 21, 28 
7*. 16t, 76 
6*. 15t, 60 
4*, 10, 19, 31t 
5*, 11, 21, sot 


Titer 


10, 80, 40 
<10, 40, 40 
<10, 2,560, 640,320 
<10, 80, 320 
<10, 40, 1,280 
<10, 80, 160, 20 

20, 320, 160, 80 
5, 40, 160, 160 
<10, 320, 160, 80 
<10, 160, 10 
<10, 80, 10 
<10, 10, 80, 80 
<10, 80, 80, 40 


Result 
of in- 
ocula- 
tion of 
sputum 
into 
cotton 
rats 


2/2 

2/4 

1/2 

4/6 

7/12 

2/2 

6/9 

5/9 


6/10 

1/4 

8/27 


Neutralization 

tests 


Acute 

serum 


3/4 

2/8 

6/7 

2/4 

3/8 

2/4 

6/7 

6/11 

3/3 

4/4 

1/4 

3/8 

3/4 

4/4§ 

3/4§ 


Con- 

vales- 

cent 

scrum 


0/4 
0/8 
0/7 
0/4 
0/8 
0/4t 
0/7 
0/1 It 

0/3t 

0/4t 

0/4 

0/8t 

1/4 

0/4 

0/4 


* Acute serum t Convalescent serum specimen used in neutralization tests, t Serum shown by subsequent test to 
neutralize at dilution of 1 : 16 or more. § Neutralization test done in chick embryos. , || Died • 

In the last three columns numerator indicates number of positive animals; denominator the total number tested. 
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CLINICAL PICTURE 

The onset of the disease was, in most instances, 
gradual. Presenting symptoms most frequently 
noted were malaise, cough, feverishness, head- 
ache, and moderate aching. Chilly sensations 
were common, but .true chills infrequent. Sore 
throat, if present, was not severe (15). Pleuritic 
pain was not noted, though chest pain, either 
retrosternal in location or felt along the costal 
margin, was present in several instances. Cough 
was often troublesome and persistent. Sputum 
was scanty, usually tenacious, greenish in color, 
and occasionally streaked with bright red blood. 
On physical examination, the patient did not 
appear severely ill unless considerable areas of 
lung were involved. Slight dulness and scat- 
tered moist riles were often the only findings on 
examination of the chest. Later in the course 
of the disease coarse riles were heard and signs of 
consolidation sometimes appeared. 

Admission white blood cell counts ranged from 
4,950 to 10,000. As the illness progressed, par- 
ticularly when it was severe, the white blood cell 
count tended to rise. Thus, in the single fatal 
case (De) it rose to 22,000 before death, and in 
another extremely severe case (Bu) a count of 
37,500 was recorded at the height of the disease. 
Sputum cultures revealed only the usual pharyn- 
geal organisms. Stained smears showed few 
bacteria and a relatively sparse cellular exudate 
in which mononuclear cells were common. 
X-rays of the lungs showed small or extensive 
infiltrations. Lateral films were often of value 
in disclosing minimal lesions. Not infrequently, 
the areas of pneumonia continued to spread for 
several days or new areas were noted, but the 
inigralor\’ type of pneumonia was uncommon. 

The temperature curv’e was either vcr\’ irregu- 
lar or fairly sustained, and usually fell by lysis. 
Most patients began to show clinical improve- 
. ment and clearing of x-ray findings within 10 
days of onset. At no time did they appear verx’ 
ill. In others, however, the pneumonic process 
contimml to spread and the patients became 
tiesjXTately ill and showai intense dysjmea and 
cyanosis. The one fatal cass' was a-markable 
in that within 11 clays the pneumonia had in- 
volvixi nuast of one lung and more than half 
of the other. Ilerih-s labi.alis wa-- not>.-.l in 


patients with high fever. The spleen was pal- 
pable in one patient (Yo) during the first week 
of illness. Disturbance of cerebral functions was 
infrequent even in those patients who were most 
seriously ill. Convalescence was slow, many 
patients complaining of tv'eakness, dyspnea on 
exertion, and persistent cough. No other se- 
quelae have been observed. 

CASE SUJIMARIES 

Three cases are presented in detail. The 
first, a comparatively mild one, was selected as an 
example of the tj'pe of case most frequently 
seen. The second case, %vhich was extremely 
severe, and the third, which terminated fatally, 
represent less common types, but present a num- 
ber of points of unusual interest. Clinical data 
on these 3 and 13 other cases are presented in 
Table I. 

Case 1. Gi, a male, aged 22, awoke on March 21, 19-13, 
with a tickling sensation in his throat. That evening he 
felt feverish and complained of generalized aching and 
malaise. Ne.xt day these s>'mptoms were more pronounced 
and a troublesome cough had developed which produced 
small amounts of tenacious greenish sputum. It is of 
interest that the patient’s brother, with whom he was 
living, had previously suffered a simibr attack of prim.iry 
atypical pneumonia, beginning on March 1, 1943, and had 
shown a rise in cold agglutination liter from less than 10 
during the acute phase to 40 during convalescence. The 
2 brothers were in contact witli each other until March 9. 

On admission to the University of Cilifornia Hospiml on 
March 22, the patient’s temperature was 103.0° F., puFe 
100, respirations 20, and blood pressure lOS/SO. He did 
not appear acutely ill, but complained of severe gcnfrali.’C'l 
headache, retro-orbital soreness, and occasional pain in 
his right car. His skin iras hot and dry, his now moder- 
ately congested; but no other symptoms were note'!. 

Course: On March 24, slight dulness .and a few crackling 
rales were noted at the base of tlie right lung. Thee 
became more prominent during the foHov. ing d.iy-. 'n-.n 
temperature remained elevate',! until M.arc:v 29, v.ith d.-.lly 
peaks of 102.2° or more, and fell by !>•••". Ttirf.-,:;d;e.-;t thi’- 
period, the patient felt and iookc-l comfortaM- an j ci-n- 
tinned to cat well. Headaci-.e and co-jgh v.rri- f;.»- rn .-t 
troublcso.me sj-mptoms. Rccovire- fair;;.- r.;; '. 1. 

Laboratore' fmdings: On Marrh 2', the c .,-.t 

showed S.099,090 re-J V.'yxi o-h- (h-rm'v’. i-. li gr-r- - 
and S.450 white Id-i.-.i c Ih Y.i;h r h. ’ ■ 

nuclears (F.Of.r. Spatn.-: rj,-,;-;-.-.'.; ■: e.,- 

live for p-.e',:rr!OC an! h, f;-':; s 

c-.n .March 2.' shav.-! a srr.a:! pewh . t' * 

right b-K-er l-ar..-: in t! - Cardi' h-ge.r;: ar,'.-, 0-, 2 s. 

thi- area h.'. ! sg-r.’. ' an ! in.-, a g , •! i',-,! . ' ti - r ' 

L'.'wrr I,.’.- an 1 t.'.rfr ua'- r •. j bn. n i ! r .n.'-.ab; --a ; ; , - 
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middle of tlic left Iuiik. On April 22, the lunj’s appeared 
normal. 

Suspensions of sputum collected on the fourth day of 
disease produced pulmonary lesions in 4 of 6 cotton rats. 
Cold agglutination titers (as shown in Table I) of scrum 
specimens taken on the third, eleventh, and thirty-seventh 
days of disease were less than 10, *10, and *10, respectively. 

Case 2. Bu, a female, aged 20, noted aching and 
malaise on April 26, 1913. During the following 2 days, 
these symptoms became more troublesome, and in addition 
she complained of cough, feverishness, restlessness, and 
anorexia. Slight wheezing with respiration was noticed. 
She was admitted to Cowell Memorial Hospital on April 29. 

Physical examination: The patient’s temperature was 
100.2° F., pulse 84, respirations 22. She did not appear 
acutely ill. Cough was frequent and produced moderate 
amounts of tenacious, yellowish sputum. Conjunctivae 
and pharynx were injected. Fine and coarse rides were 
heard over the right lower lobe as far anteriorly as the 
axillary line. 

Course: The high, spiking temperature cur\’c is repro- 
duced in Figure 1. On May 1, bronchial breathing was 
heard over the right lower lobe and the patient was pl.accd 
in an o.xygcn tent. On May 5, dulness was noted over 
the right lower lobe and bronchial breathing was heard 
over most of the right lung and over the upper half of the 
left lung. On May 6, respirations were wheezing in 
character. By May 7, respirations had risen to 38, 
cyanosis was marked, and the patient appeared seriously 
ill. On May 9, 200 ml. of pooled plasma from 3 patients 
recently convalescent from primary atypical pneumonia, 
who had shown significant cold agglutinin titers, were 
given intravenously. On the ne.xt day, the patient 
appeared somewhat more alert and 300 ml. more of the 
same pool of plasma wore given. One hour later, her pulse 
had risen to 140 and she was apprehensive and sweating 


profusely. That evening, the respiratory rate was SO, 
pulse 150, and the patient appeared moribund. She 
remained in an extremely critical slate throughout the 
next day, and then .slowly improved. fJer temperature 
meanwhile had fallen and subsequently did not exceed 
101°, though another 10 days passed before it returned to 
normal. Convale.scencc was slow, but at last report 
there were no sequelae. Sulfadiazine was given from 
May 3 to May 10, the blood level on May 4 being 7.1 mgm. 
per cent. No effect on the course of the illness was seen. 

Laboratory findings: Admission white blood cell count 
was 7,750. As the illness progressed, the count rose 
steadily. On May 9, it was 17,200, with polymorpho- 
niiclears constituting 86 per cent (F./N.F. 56/30). On 
May 12, it was 37,600. It dropped to 24,400 on May 15, 
to 19,700 on May 20, and to 9,200 on May 30. Sputum 
cultures showed a growth of Staphylococcus aureus and 
alpha streptococci, but were negative for pneumococci, 
beta streptococci, and acid-fast b.acilli. 

Chest .x-ray on April 29 showed a fairly extensive 
pneumonic area at the base of the right lung, lobar in 
character, and mottling near the left hilum. On May 6, 
films showed an cxtensiv'c pneumonia involving much of 
the right lung and the middle portion of the left lung. 
On June 3, there was much clearing, but slight residual 
infiltration on botJi sides. On June 11, clearing was more 
complete, but an area of increased density, which suggested 
fibrosis, remained at the left ape.x. 

Sputum collected on April 29 and May 6 was tested in 
cotton rats. The results witli both specimens were posi- 
tive, 5 out of 9 animals showing pulmonary consolidation. 
Later, this material was passed through a collodion 
membrane of 600 m^ pore diameter, and the virus was 
adapted to chick cmbrj’os. This strain has been carried 
through 25 passages and is neutralizable by the convales- 
cent sera of this and other patients with atypical pneu- 
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monia. The acute serum does not neutralize the virus. 
The results of serial cold agglutination tests are recorded 
in Table I. 

Case De, a male, aged 26, was admitted to Letter- 
man General Hospital on November 11, 1942, with a 
history of an illness of 4 days’ duration. Complaints 
during this period were coryza, sore throat, cough, fever- 
ishness, malaise, generalized muscular pains, and anore-ida. 
Symptoms had become markedly worse on the day of 
admission. 

Physical examination: The patient's skin was hot and 
dry. The right nostril was obstructed and the pharj-nx 
injected. Respiratory movements were equal and shallow 
because deeper respiration incited cough and pain in chest. 
Slight dulness to percussion was noted at the bases of both 
lungs, and many fine moist rales were heard throughout 
the lungs, particularly at the bases. Blood pressure was 
1 18/50. Examination of the heart showed it to be normal. 

Course: Fever remained high, with peaks reaching 
105° F. The patient soon became markedly dyspneic and 
cyanotic and was placed in an oxj'gen tent. Signs of 
pneumonia became more prominent over the right upper 
lobe and the whole left side. The cough was troublesome, 
but virtually no sputum was raised. Sulfadiazine was 
given throughout hospitalization in doses of 1 gram cver>’ 
4 hours and an adequate blood level was obtained, but no 
effect was apparent. Dyspnea became progressively 
worse, and the patient died on November 17. 

Laboratory findings: Admission blood count showed 
.1,770,000 red blood cells and 8,000 white blood cells, with 
normal distribution. Subsequently, the white blood cells 
rose to 11,000, to 16,000, and finally to 22,000 on November 
16. Urinalysis showed albumin (-1-+). Throat swabs 
and a single sputum examination failed to show pneumo- 
cocci. Chest x-ray taken on November 1 1 revealed an 
extensive bronchopneumonia in the left lower lobe. On 
November 15, x-ray showed an extremely extensive 
bronchopneumonia involving both lobes on the left and 
parts of all three right lobes. 

.■\utopsy findings: Post-mortem e.\amination was made 
within 1 hour after death. Intestines wore markedly 
distendeii. .■\ slight excess of blood-tinged fluid was found 
di-cp in the pcritonc.il cavity. Both pleural cavities 
contained about 200 ml. of slightly blood-tinged fluid. 
The iwricardial cavities contained about 200 ml. of pale 
stra«-co!oretl fluid. 

The right lung weighwl 1,085 grams, the left 945 grams. 
The lungs were similar. On palpation, from apex to base, 
there weri' note<l innumerable distinct and confluent soft 
.ind linn nodules, which varii-d from almut I to 4 cm. in 
diameter. Lymph mxh-s at the hilum were soniewhat 
enlargerl. soft, and greyish lieUuvn the are.is of pigmenw- 
tion. Bronchi were distendcsl with \ellow. punilent. 
frmhv exudate. Beneath the pleura the nixlubr foci 
apiw.irid as lighter or liarker areas against the sfate-grey 

’ Phi' case is rei>orti".! through the courte-v of the 
Mixlical and Eds'ratorx Branches, lattcrman Gcn.-ral 
Hospital, from whom the clinical am] patho’ >gical finding' 
wer.- o'.i'ain.s!. 


background. Except for a number of areas over the left 
lung, where dull and gitanular areas were covered with a 
pinkish-red e.xudate, the pleura was smooth and showed 
no exudate. On cut surface, the nodular areas could be 
seen as distinct or confluent, frequently poorly circum- 
scribed, dry granular foci of irregular size and shape, 
which stood above the cut surface of the lung. The 
nodules were sometimes pink and duller than the sur- 
rounding tissue. Some were grey and many had a 
yellowish cast, as though slighth- broken down. This 
pneumonic process extended from apex to base, involving 
all lobes. 

The heart weighed 430 grams. The right auricle and 
ventricle were markedly dilated. The coronan.- arteries 
were smooth, and the lumens were patent. The myo- 
cardium was red and of good tone. The spleen weighed 
250 grams. The cut surface showed a soft grumous red 
pulp, and the follicles were not observed. The brain 
weighed 1,640 grams. Cerebral vessels were markedly 
congested, particularly the pial vessels. Other organs 
showed nothing noteworthy. 

Microscopic e.xamination: .411 sections (Figure 2) taken 
from different portions of the two lungs showed a pneu- 
monic reaction which might be classified as an atypical 
bronchopneumonia. Practically all combinations of cellu- 
lar, fibrinous, and serous exudate could be found in the 
various alveoli, the exudate in some appearing fresh, while 
in others it seemed to be undergoing resolution. In some 
sections, the character of the pneumonia was that of a 
discrete bronchopneumonia. In other areas, the pneu- 
monia was of the confluent bronchopncumonic type. 

Certain features in the inflammitory reaction were of 
interest. In the first place, there was a good deal of fibrin 
present, much of which was distribulctl peripherally and 
appeared tightly adherent to the inner wail of the aiveohi'. 
In the second place, there were certain areas in which it 
seemed that the exudate was breaking down and abscesses 
were forming. In tlicsc areas, the exudate was cellular, 
often consisting predominantly of polymorphnnurliar 
leukocytes. Necrosis of the alveolar walK had apjxarcntly 
occurred and the center of the pneumonic focus feeme<l t'l 
be undergoing liquefaction. .4 third point of interest w.is 
that in certain areas the e.xudate appcaretl to Itc undergoi!!;.; 
organization, the process consi'ting almost exclusively of 
invasion by young filtroblast.s with no proliferating e.tpd- 
karies obscrx'ablc. .4 fourth point of interest w.i- th*' 
market! morphological change which had t.ai.en pi m- in 
the epithelial lining of a few of il-.e bronchi. Here t!.'- 
epithelial lining had rh.inge<l vlioliy nr in [urt to.i >;r.:!i::isi 
squamous tvjv.'. Tin- a{>;»-.!r.inri- of t!i- t ;>i;!-.' '.I t! bni-.- 
of these bronchi w.i- th.it t>f a piM nn-nt tit*' <>f i-ptr.-lc'r'. 
with loss of rilia, oju.irno'j. etl!- on ih'' v.rf.’.i'e. .•n * j r: V.l ■ 
evil' intersperse" I in th- <!’-;• r l.in-r" ''it.'.;- 
Were extn rnilv ntnr.'-r'U' In --."-.d e- 

strips of p'.-ur.!. the p!—.;r,5 v.is .o • t-.-- < ‘ 

exu'!.ite, 

Tl’.e curon-irv .’.r:<-r!-" v :: •r...'. s,. 

ranii'ant 


rt v( 



246 


C. MIUKKKIOHN, M, 1), I-.ATON. ANM) \V, VAX lIKliH K 



PLATE 1. Section from edge of .n small discrete pneumonic focus, sliowing dense 
cellular exudate in alveoli in upper portion and comparatively sparse cellular exudate 
with numerous macrophages in iower portion. XI 20. 



2. High magnification of same section, showing composition of alveolar 
exudate. Small mononuclear and polymorphonuclear cells predominate and occasional 
macrophages are seen. The alveolar septa are not markedly thickened. X400. 





ri_\TFi -4. Jv.'Clion ^howin;: of the ItT-r.-.dihl ipnh-!i;;T;i. 1! - ri'.'.;’.--! 

columtur epithelium h.i- chanci-<i to nn im-^uUr Miv.tifu'i 

5 Kt. Sicnos's t Kov( l.vsG'; or I'Mii vt tOi.! wmi pAt u. C*."' i.r 5'i IV \ i’-.i ■ -Me 

STAtM t) tVilll Hr «V!i K/etv 
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sliowini^ loss of striation. 'J'lio small capillaries of the 
niyocardiimi were markedly congested, and some contained 
mimeroiis leukocytes. In one or two sections, leukocytes 
were present in the somewhat edematous interstitial tissue 
outside the capillary walls, 'riiere were, however, no 
deCmite areas of infarction and no specific rheumatic 
nodules. Sections from other organs showed nothing 
noteworthy. 

litiological studies: Cultures of lung tissues remained 
sterile after 72 hours. Impression smears showed no 
bacteria or elementary bodies. Suspensions tested intra- 
nasjilly in cotton rats produced pulmonary lesions in 8 of 
27 animals. Without filtration, the virus in the human 
lung suspension was adapted to the amniotic sac of chick 
embryos and has been carried through 45 passagc.s. This 
procedure was subsequently repeated. Suspensions of 
amniotic membrane, lungs, and trachea retain their 
infectivity for cotton rats and hamsters and arc neutralized 
by convalescent scrum from other per.sons who have had 
primary atypical pneumonia. The properties of the virus 
isolated from this patient have been described in detail in 
a separate publication (12). A cold agglutination test 
run with scrum pipetted from the lung specimen showed a 
titer of less than 10. 

DIFFERENTIAL DIAGNOSIS 

An attempt to cliffcrcntiatc primary atypical 
pneumonia from other diseases is rendered diffi- 
cult by the fact that several diseases of different 
etiology have been included under this heading. 
The observations which follow will therefore be 
restricted to the type of the disease prevalent in 
the area which the cases described in this report 
represent. While these cases present a fairly 
characteristic picture, the number of the diseases 
which may cause difficulty in diagnosis is verj'’ 
large. Thus, mild cases with slight or, perhaps, 
no pulmonary involvement may closely resemble 
certain nonbacterial upper respiratory infections, 
particularly influenza and other influenza-like 
diseases. 

The more familiar form of the disease, with 
slight or extensive pulmonary involvement, must 
be distinguished on the one hand from bacterial 
and mycotic pneumonias, and on the other from 
pneumonias due to other viruses and rickettsiae. 
Pneumococcal lobar pneumonia presents several 
features very uncommon in primary atypical 
pneumonia, notably pleuritic pain, rusty sputum, 
and leukocytosis early in the disease. Broncho- 
pneumonias due to pneumococci, streptococci, 
staphylococci, and other bacteria may cause 
more difficult)'. Those primary atypical pneu- 
monias restricted to upper lobes or presenting a 


very diffuse pneumonia may closely resemijie 
pulmonary or miliary tuberculosis. The picture 
of primary coccidioidal pneumonia may be very 
similar, and isolation of Coccidwidcs imniilis and 
serological tests may be necessary for differential 
diagnosis (16). It is possible that the cold 
agglutination test may prove extremely useful 
in separating out the primary atypical pneu- 
monias, but further substantiation of this point 
is needed. 

The clinical diflerences between primary 
atypical pneumonia and pneumonias due to 
psittacosis-like viruses or Q-fever are sometimes 
too slight to permit differentiation, but suspicion 
may be directed toward the psittacosis group 
when a severe!)' ill patient shows marked im- 
pairment of cerebral function and prominent 
gastro-intestinal symptoms, and appears gravely 
ill despite the fact that the area of lung involved 
is comparatively limited. A history of avian 
contact should be sought. Laboratory proce- 
dures, including isolation of virus and demonstra- 
tion of an increase in antibody to the agent in 
question are usual!)' required. 

TREATMENT 

Symptomatic therapy, directed chiefly toward 
relieving headache and cough, was used in all 
cases. Only in the most severe cases were 
sulfonamides employed, and in no instance was 
any response observed. O.xygen was adminis- 
tered to 6 patients and appeared to have a 
beneficial effect. One patient (Bu) received a 
pool of convalescent plasma from patients who 
had previously shown high cold agglutinin titers. 
Her temperature fell after the second transfusion, 
but her condition never appeared worse than 
during the following day. X-ra)' therap)' was 
not tried. 

DISCUSSION 

The cases of primary atypical pneumonia 
studied at this laboratory can be divided into 
two main groups: {!) a large group presenting 
the same general characteristics as the cases 
described above, and {2) single cases or small 
groups of cases due to a variety of agents, in some 
instances psittacosis-like viruses, in others un- 
known agents. While the occurrence of clear-cut 
epidemics of the former type suggests a single 
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etiology, it is by no means certain that the group 
is homogeneous with respect to its etiology. The 
data presented in this paper and in a previous 
publication indicate that a substantial propor- 
tion of the cases of this type on which neutraliza- 
tion tests have been done are due to this new 
atypical pneumonia virus. It has already been 
shown that the virus can cause an illness which 
varies in severity from a comparatively mild one 
to an extremely severe or, in rare instances, a 
fatal one. The number of cases studied is small, 
however, and no definite statement can be made 
at the present time concerning the frequency of 
infection with the virus in this and other areas. 

- The occurrence of cold agglutinins in the sera 
of most of those patients whose illness was shown 
to be due to the new virus raises the question 
whether a significant increase in cold agglutinin 
titer following a respiratory disease represents a 
specific response to a single etiological agent or a 
relatively nonspecific response to any one of a 
number of agents. The cold agglutination tests 
done in this laboratory on a large number of 
sera from patients in the first group have shown 
that more than half of the persons studied de- 
veloped significant (40 or more) titers during 
the latter part of their illness or during convales- 
cence. Certain other patients with clinically 
similar cases did not. Further combined cold 
agglutination tests and etiological studies must 
be made before it is possible to state in what 
proportion of pneumonias due to this virus cold 
agglutinin titers rise. The frequency of high 
cold agglutinin titers in pneumonias and upper 
respirator^' infections due to other agents like- 
wise remains to be determined. Even in our 
present state of knowledge, however, the test has 
proved ver>' useful, possessing the great ad- 
vantage of simplicity of performance. Its chief 
disadvantage lies in the fact that titers return 
to within normal limits in a relatively short 
time, thus curtailing its usefulness in epidemio- 
logical investigation. 

The comparatively infrequent cases compris- 
ing the second group in which the etiolog\' has 
been delemiincd represent, for the most part, 
infections with viniscs or rickettsiae present in a 
variety of species of birds, mammals, or arthro- 
pods, or occur as laboratoty infections. As a 
group, they tend to be more severe and not in- 


frequently terminate fatally. The largest num- 
ber is caused by viruses in the psittacosis group, 
3 of which have been isolated from human pa- 
tients, namely psittacosis, the pigeon ornithosis 
virus, and the S-F strain (13, 17). Because of 
certain similarities in the clinical picture, incu- 
bation period, and pathological findings ob- 
served in psittacosis-like infections and in the 
prevalent type of primary atypical pneumonia, it 
has been suggested that these or related agents 
play an important part in the etiology of primary' 
atypical pneumonia (17, 18). Evidence to sup- 
port such a hypothesis is at present lacking. 
In this laboratory, less than 10 per cent of more 
than 250 cases studied have been shown to be 
due to viruses in the psittacosis group. We 
have not observed pneumonias due to the 
rickettsia of Q-fever or infections with the 
lymphocytic choriomeningitis virus in which 
pulmonary consolidation occurred. 

Specimens of lung tissue from a considerable 
number of persons, in which a bacterial etiology 
has been definitely e.\'cluded, have failed to yield 
any of the viruses mentioned in this paper. 
This fact, together with certain observations, 
such as that (19) of a pneumonia of infants 
characterized by eosinophilic inclusion bodies, 
makes it seem probable that a number of non- 
bacterial infectious agents capable of causing 
pneumonia remain to be discovered. 

SUM.MARY 

1. Clinical and laboratory data have been 
presented on 16 cases of primary' atypical pneu- 
monia assumed to be due to a recently isoIate<l 
virus. 

2. This atypical pneumonia virus is transmi.s- 
sible to chick embtyos, cotton rats, and h.amsicr.s 
and is app.ircntJy not relatc-d to previously dc- 
scribed viruses isolated from cases of atypic.a! 
pneumonia. 

3. The clinical picture did not difTcr in signifi- 
cant respects from th.it presented in oth'.T re;>Qr{s 
of epidemics of primary atypical pneumonia. 

4. The p.ithological findings in a fat.a! erne 
from wliiclr vinrs w.is s^ohu.ii have lx->n d'- 
scribtd. 

5. Signir!C.ant titc-rs of cold ngriutinin- 
df.monstratctl in the conv.alv^.rent s-'.mir:; r;--^i- 
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mens of all 13 patients in whom this test was 
performed. 

Tlie authors wish to acknowlcdcjc tho cooperation of 
Drs. W. G. Donald, R. T. Suthcriand, M. G. Zeff, and 
A. H. SchaefTcr, and Mrs. Elva May, of CowcH Memorial 
Hospital; and of Drs. W. J. Kerr, Saxton J. Pope, and 
Ellen Brown, of the University of California Medical 
School. Valuable technical assistance was provided by 
Miss M. Corey and Miss V. L. Hanford. 

BIBLIOGRAPHY 

1. For review of literature and detailed bibliography, see 

Dingle, J. H., and Finland, M., Medical progress; 
virus pneumonias; primary atypical pneumonias of 
unknown etiology. New England J. Med., 1942, 
227, 378. 

2. Stokes, J., Jr., Kenney, A. S., and Siiaw, D. R., New 

filtrable agent associated with respiratorj' infections. 
Tr. and Stud., Coll. Physicians, Philadelphia, 1939, 
6, 329. 

3. Weir, J. M., and Horsfall, F. L., Jr., Recovery from 

patients with acute pneumonitis of virus causing 
pneumonia in the mongoose. J. Exper. Med., 1940, 
72, 595. 

4. Dyer, R. E., Topping, N. H., and Bengtson, I. A., 

Institutional outbreak of pneumonitis; isolation 
and identification of causative agent. Pub. Health 
Rep., 1940, 55, 1945. 

5. Eaton, M. D., Beck, M. D., and Pearson, H. E., 

Virus from cases of atypical pneumonia. J. Exper. 
Med., 1941, 73, 041. 

6. Meyer, K. F., Pigeons and barnyard fowls as possible 

sources of human psittacosis or ornithosis. Schweiz, 
med. Wchnschr., 1941, 71, 1377. 

7. Smadel, J. E., Green, R. H., Paltauf, R. M., and 

Gonzales, T. A., Lymphocytic choriomeningitis; 
2 human fatalities following unusual febrile illness. 
Proc. Soc. Exper. Biol, and Med., 1942, 49, 683. 


8. Johnson, H. N., quoted by Dingle, J. H., and others. 

Primary atypical pneumonia, etiology unknown. 
War Med., 1943, 3, 223. Also personal communi- 
cation to M. D. Eaton. 

9. Horsfall, F. L., Jr., Curnen, E. C., Mirick, G. S., 

Thomas, L., and Zciglcr, J. E., A virus recovered 
from patients witli primary atypical pneumonia. 
Science, 1943, 97, 289. 

10. Smadel, J. E., Atypical pneumonia and psittacosis, 

J. Clin. Invest., 1943, 22, 57. 

11. Eaton, M. D., Meiklejohn, G., van Herick, W., and 

Talbot, J. C., Infectious agent from cases of atypical 
pneumonia apparently transmissible to cotton rats. 
Science, 1942, 98, 518. 

12. Eaton, M. D., Meiklejohn, G., and van Herick, W., 

Studies on the etiology of primar>' atypical pneu- 
monia; a filterable agent transmissible to cotton 
rats, hamsters, and chick embryos. J, Exper. 
Med., 1944, 79, 6-19. 

13. Meiklejohn, G., Beck, M. D., and Eaton, M. D., 

Atypical pneumonia caused by psittacosis-like 
%’iruscs. J. Clin. Invest., 1944, 23, 167. 

14. Meiklejohn, G., Cold agglutination test in diagnosis of 

primary atypical pneumonia. Proc. Soc. Exper. 
Biol, and Med., 1943, 54, 181. 

15. Young, L. E., Storey, M., and Redmond, A, J., 

Clinical and epidemiological features of outbreak 
of primary atypical pneumonia of unknown etiology 
among hospital and medical school personnel. 
Am. J. M. Sc., 1943, 206, 756. 

16. Smith, C. E., Coccidioidomycosis. Med. Clin. North 

America, 1943, 27, 790. 

17. Meyer, K. F., Ecologj'^ of psittacosis and ornithosis. 

Medicine, 1942, 21, 175. 

18. Favour, C. B., Ornithosis (psittacosis); report of 3 

cases and historical, clinical, and laboratory’ com- 
parison witli human atypical (virus) pneumonia. 
Am. J. M. Sc., 1943, 205, 162. 

19. Adams, J. M., Green, R. G., Evans, C. A., and Beach, 

N., Primary virus pneumonitis; comparative study 
of two epidemics. J. Pediat., 1942, 20, 405. 



THE TREATMENT OF SUBACUTE BACTERIAL ENDOCARDITIS 

WITH PENICILLIN 1 

By ARTHUR L. BLOOMFIELD, CHARLES D. ARMSTRONG, akd 
WILLIAM M. M. KIRBY 

iFrom the Department of Medicine, Stanford University School of Medicine, 

San Francisco 15) 

(Received for publication November 3, 1944) 


The first reports on treatment of subacute bac- 
terial endocarditis (L viridans) with penicillin 
were not encouraging (1). It was recognized, 
however, by the Committee on Chemotherapeutics 
and Other Agents that the subject required fur- 
ther study, and it was planned to treat more pa- 
tients when larger amounts of penicillin, which 
seemed to be necessary, should be available. 
Meanwhile, improvement was reported (2) in 
some cases, and possible cure in others, when 
penicillin and heparin were given at the same 
time. It seemed desirable, however, to try out 
the effects of penicillin alone, given in sufficient 
dosage to put the matter to a critical test. The 
present report concerns the results in 11 cases 
which were managed according to the following 
plan. 

SPECIFICATIONS FOR SELECTION OF CASES 

The criteria for the selection of patients for treatment 
were as follows: 

1. Positive blood cultures were obtained in our own 
laijoratory. 

2. The strains of non-hemolytic streptococci were all 
sensitive in the test-tube with a concentration of 0.1 units 
of penicillin per milliliter of culture medium. In all but 
one case, the strains actually were inhibited by smaller 
amounts of penicillin. 

3. The patient's condition was not desperate. The 
known duration of the disease was not over a few 
months. There were no frank signs of cardiac failure. 
Three cases in a sense were c.xceptions : Case 10 in which 
there was incipient decompensation in association with 
a marked valve lesion, Case 2 who ran a stormy febrile 
course with over SOO colonics of .S', i-iridans per ml. of 
blocKt Isefore treatment, and Case 3 who was very ill 
with hiRh fever and considerable anemia. 


* The penicillin was provided by the Ofnee of Scien- 
tific Research and Development from supplies assigned 
by the Committee on Medical Research for Qinical In- 
vestigations recommended by the Comm.ittee on Oiemo- 
tbcms'eatic and Other .-Xgents of the Natiomil Research 
Council. 


4, Treatment was not undertaken unless the patient 
agreed to stay in the hospital for 6 to 8 weeks or more 
for continuous therapy. 

PLAN OF ATTACK 

Since previous experience had shown that even large 
doses of penicillin over brief periods did not effect regu- 
lar cures, it was decided to give the material for at least 
6 to 8 weeks. It was hoped that a continuous assault of 
this sort might eradicate bacteria lurking in the depths 
of vegetations and that the latter might become organized 
and tend to "heal." The general plan was to give 200,- 
000 to 300,000 units in the 24 hours by continuous intra- 
venous drip for 3 weeks and thereafter 120,000 to 200,000 
units per day in 8 intramuscular injections (5000 units 
per ml. of saline) for 3 to 5 weeks. Most of the patients 
were treated for 8 weeks without interruption. The 
only therapy aside from penicillin was general supportive 
and nursing measures and in some cases transfusions. 
Many of the patients were confined to bed only until the 
temperature fell. They were then up quietly about the 
ward. Frequent physical c.xaminations were made with 
special reference to embolic lesions, petcchiae, the cardiac 
signs, etc., and numerous blood cultures were taken, for 
the most part with penicillinase, so that the results were 
not confused by penicillin carried over into cultures from 
the blood stream. No heparin was used. 

The evidences of a renal lesion were very carefully 
followed by means of "Addis quantitative counts” of the 
formed elements in the sediment to try to determine 
whether treatment influenced the process. 

The most important clinical features arc summarized 
in Table I and in the following brief case reports. 

Case 1. A 22-3-car-old ditch-digger liad always Ixrcn 
mentally defective. He was also said to liaic Ind a 
heart murmur since childhood. He was perfectly v.cll 
until 3 months before entrs' when he suddenly developed 
chills and fever with m-alaisc and weight lo-^s. Several 
blood cultures were positive for S. ziridens and b.e was 
sent to Stanford Hospital for p-cnicillin sreatn-.-nt. He 
was a big, hcas-y-stt man. There va' car.dbe enlarge- 
ment with a loud sv-rtolic murmur -.■.Idelv l-.eard. m'd-r- 
ate systolic In-pertension in the u;:-er c.xt.'-emities, and 
absence of palp.-ble p-ulsatior-.s in t'r.e ferr. r:.!. p ;li',*e;'. 
and foot arteries. It was co-.clule-i th.at he :u.d c .-iziV- 
tion of the aorta and passiily an ir;;er-.rr.;:i:-.:lir i-f.al 
defect, with sutxrrinip'se-i N. sf-iV.— r infrrti Trr.:- 
ment and other data are niter, in Fi,-urc ! and t' - ta' '-r 
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TABLE I 

Summary of essential data in Cases 1 to 11 
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Fig. 1. Complete Temperature Chart of Case 1 in Relation to Therapy and Blood Cultures 
The persistent slight elevations of temperature after the initial drop are unexplained. Thrombophlebitis, pjTO- 
genic reactions, reactions associated with the cardiac lesion, or small emboli are possibilities. Six months later 
the temperature was normal. 


Temperature fell promptly but he continued to have 
slight elevations throughout his hospital stay. The sig- 
nificance of these was not clear. He left after 62 days, 
bacteria-free and clinically well. Last follow-up visit, 
6 months after penicillin was concluded, found him well 
and active and bacteria-free but with physical signs un- 
changed. At this time, the temperature was entirely 
normal and his lesion was regarded as "healed.” 

Case 2. A 41-year-old school teacher had alsrays been 
well and gave no history of rheumatic fever, but a heart 
murmur had been diagnosed 10 years ago. Three months 
before entry, she developed fever and prostration and had 
been ill ever since. Several blood cultures were said to 
be positive for S. viridans. On examination, she seemed 
very ill, with high fever and rapid pulse. She svas cov- 
ered with innumerable large and small petechiae. There 
was early clubbing of fingers. The heart -was enlarged 
and tlicre were typical signs of mitral stenosis. Blood 
cultures yielded over 400 colonics of 5. viridaits per ml. 
of blood. The impression of one examiner was "she is 
going down hill fast and a good therapeutic result would 
be miraculous.” Penicillin \%-as started (sec Figure 2 
and the tables) by continuous intravenous drip at tlic 
rate of 300,000 units per day. There was remarkably 
prompt improvement of general sj-mptoms with fall in 
tcmperaUirc although slight elesations continued. There 
was rapid clearing of the petechiae altliough some new 
ones appeared for 2 weeks. The blood stream was 
clcarc<I in a few days and all subsequent cultures were 
negative After being rendered bacteria-free, she de- 
veloped curious red tender sv-mmctrical swellings of all 
fingers and toes, apparently assoebted with acute pro- 
gression of "clubbing." Studies of blood vessels and of 
capillary circulation were not rcmarVmble. Later she 
<!cvcIopc<! a frank artb.ritis of tb.e fingers with smooth 
sbiny skin. Signs of cardbc failure, not present on 


entry, now began to develop and she died on the 164th 
day of hospital stay in an acute paroxysm of dyspnea 
after being bacteria-free for over 5 months. The tem- 
perature at this time had been entirely normal or sub- 
normal for several weeks. 

Autopsy. Pertinent points in the autopsy report are 
as follows (Dr. J. B. McNaught) : “The mitral valve 
as viewed from above prior to opening is moderately 
irregular, nodular, and apparently not efficient, but not 
decidedly stenosed. Upon opening it, the circumference 
is 9 cm., but both flaps in the midportion have thick 
nodular, rather rigid shrunken edges. The anterior cusp 
is considerably shortened in the distance from base to 
free edge and has a 0.4 cm. round hole with raised edges 
0.5 cm. from the free edge. There are no soft vegeta- 
tions or tlirombi and calcium can be palpated in some 
of the nodules. Two chordae tendinae are thickened up 
to 0.5 cm. and shortened and the endocardium beneath 
the anterior flap is thick and white. There is a 13 X 1 
cm. granular patch on the endocardium of the left ven- 
tricle 13 cm. below the aortic valve. Tlje ventricular 
surface of the posterior flap is roughened with calci- 
fication.” 

Microscopic examination of the l-.eart showed : "Tl'c 
mitral valve leaflets are greatly thickened centrally by 
hyalinizcd fibrous tissue with very few nuclei, and th'rc 
arc small areas of calcification deep within the f;brr-j’ 
tissue. There arc also surface areas of more ce'.iuirr 
well vascularized fibrous tissue with a few lymyi;'^t'!. 
and poljmorph.onucltar leukocytes end tcattere'! irrg- 
mononuclear cells some cf wlucii cee-.tr.in t.-rr-.v.'A-zi-.. 
Tliesc areas huttc ti-.e apt-ccranre of tr.-cniruti n 't 
thrombotic ti'tue and ocea'i^nc'Iy ene'e^e rmcll ar-c*. 
of necrotic threm’u? ■'■me rf -.-.i ith cr-taie ru'y 
Gra.m -r cfcci sierly, by ;airs ae J in i'- rt c'u:.-.;. T.' - 
r-utrrmast surface is r. m-i ’y arrif rf ji-k jtaL-i- .: 
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Fig. 2. Shows Temperature Cur\'e For First Three Weeks of Treatment 
She continued to have a variable low fever throughout her long hospital stay (even after 3 blood cultures 
were sterile) until the last few weeks when the temperature became subnormal. As in Case 1, the exact cause 
of these elevations was not always clear. 


practically acellular thrombotic material in which 
fibroblasts are growing from beneath. They sometimes 
contain a few polymorphonuclear leukocytes. Many of 
these nodules are quite cellular and vascular as though 
recently organized, and an occasional such nodule con- 
tains within its depths small islands of necrotic thrombus 
rich in pleomorphic Gram positive cocci singly and in 
short chains. None of these bacteria-laden areas are 


found exposed on the surface of the valve. ^ 

"The chordae tendinae are thickened, similar to the 
valve. The endocardium of the auricle and ventricle are 
roughened by organizing vegetations in which no bac- 
teria are found. The myocardium at the base of the 
mitral valve and the apex of the papillary muscles is 
irregularly scarred. Elsewhere, there is a slight increase 
in fibrous tissue about many of the blood vessels but no 
thickening of their intima and there are no cellular col- 
lections suggesting Ashoff bodies. The myocardial 
fibers are normal with no abnormal cellular^ infiltra- 
tions. Large branches of the coronary arteries show 


mild subintimal fibrosis. 

“As regards the kidneys, in general the histology in 
both is normal except for congestion. However, meticu- 
lous search reveals rare glomeruli which are partially 
adherent to their capsule, slight capsular proliferation, 
and slight tuft fibrosis which may weU represent a late 
stage of focal glomerulonephritis with no fresh hyalin 
No blood is found in cap.nUr space, but rare 
tubules contain red Wood cells. There .s granular mate- 


rial in some of the tubules and rare hemoglobin stained 
casts. The right kidney contains a sunken area of old 
infarction with diffuse fibrosis, fibrosed glomeruli, areas 
of necrosis containing hemosiderin and shadows of ne- 
crotic tubules. There are moderate numbers of Ijunpho- 
cytes in this area which invade the adjacent more normal 
renal tissue and here a few tubules contain polymorpho- 
nuclear leukocytes. A small artery at the apex of the 
infarct is obliterated by fibrous tissue. The left kidney 
contains a similar but narrower and more fibrosed area.” 

These findings raise a number of problems of interest 
and importance. At the time of autopsy, the lesions ap- 
peared to be healed; no coarse vegetations were any 
longer present, only small partly calcified flat plaques 
remained. Culture from the heart’s blood yielded no 
growth and no bacteria were seen in smears from the 
surface of the lesions. Many blood cultures had been 
negative over a period of several months and the tem- 
perature was normal for a month before death. None 
the less unmistakable gram-positive cocci were seen in 
the depths of the "healed” valve lesions. A good deal 
of pleomorphism and variability in staining reaction 
were observed. Were these bacteria dead and sealed 
off in pockets of old organized vegetation? Were they 
viable, but sealed off, or were there actually streptococci 
in the blood stream which were not recovered by the 
relatively crude method of blood culture? Had she not 
died of cardiac failure, would there later have been a 
clinical relapse of bacterial endocarditis? None of these 
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questions can be answered definitely and one can only 
record the facts and wait for longer follow-up periods 
in other cases. The findings do however support the 
position that penicillin treatment should be given over a 
long period of time, perhaps over many months, con- 
tinuously or intermittently. 

Case 3. A 34'year-old accountant had had polyar- 
thritis at the age of IS. A heart murmur was known to 
be present since that time. Five months before entry, 
he developed an indefinite febrile illness. There was no 
benefit from 4 months’ treatment with sulfonamides. On 
examination, he appeared febrile and ill and there was 
marked weight loss. There were typical signs of mitral 
stenosis, a palpable spleen, early clubbing of fingers, 
and a few petechiae. He was moderately anemic and 
there was evidence in the urinary sediment of a mild 
glomerulitis. The blood culture yielded non-hemolytic 
streptococci. He was given 300,000 units of penicillin 
daily by intravenous drip for 18 days and then 15,000 
units intramuscularly every 3 hours for 32 days — a total 
of 10,440,000 units in 2 months. The high temperature 
on entry fell in a few days and remained essentially 
normal with the exception of 2 pyrogenic reactions (see 
Figure 3 and the tables). He gained 20 lbs., recovered 
his appetite and good spirits, and changed from what 
appeared to be a dying man to one who seemed per- 
fectly well. The heart murmur persisted unchanged and 
the pulse remained slightly rapid. The signs of the 
renal lesion disappeared. Blood cultures promptly be- 
came sterile and remained so on many occasions. 


Follow-up studies after a period of 5 months showed 
him to be clinically well with entirely normal tempera- 
ture and negative blood cultures. He had been actively 
at work with no bad results. 

Case 4. A 20-year-old truck driver had always been 
well except for rheumatic fever at the age of 5 followed 
by signs of aortic insufficiency. Two weeks before entry 
he felt tired and developed high irregular fever. On 
examination, he was a big healthy looking young man 
with typical signs of aortic insufficiency. The blood 
pressure was 160/?. The spleen was not palpable: there 
were no petechiae or embolic phenomena. Blood cul- 
ture yielded 25 colonies per ml. of non-hemolytic strepto- 
coccus. He received a total of 10,540,000 units of peni- 
cillin over a period of 60 days (see Figure 4 and tables). 
In this case, although the blood stream was promptly 
and permanently sterilized the temperature fell quite 
gradually. It was, however, perfectly normal for some 
days before discharge. He gained weight, all symptoms 
disappeared, and he seemed entirely well. He was care- 
fully examined after a follow-up period of 4 months and 
still appeared “cured” with normal temperature and 
negative blood cultures. The signs of aortic insuf- 
ficiency were unchanged. 

The persistence of fever in this case, whatever the 
cause may have been, is an argument in favor of pro- 
longed penicillin therapy. 

Case 5. A S8-year-old painter had a bout of hemopty- 
sis and dyspnea 4 years ago and was then told ho had 
a leaky heart \‘alve although there was no historj’ of 



Fic. o. TEMrER.\Tvr.r. Ctrr.vi: lo?. First 16 Days or Trr.^T^:r^■T 


Rcir.arK-ably prompt f.ill. With ll-.c exception of another febrile reacticn frem ti;e 17t:; ' 
r.vroEcnlc, titc curve remained essentially normal u.-.tn disd-arge tb.e 831 hospital day. 
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Fig. 4. Temperature Curve of Case 4 

The persistent elevation of temperature was not explained by obvious emboli or by phlebitis associated with 
intravenous drip. 


rheumatic fever. He was perfectly well until about 8 
weeks before entry when he developed chills, fever, 
aching, and malaise. Blood culture was found positive 
for non-hemolytic streptococcus and intensive sulfonamide 
therapy was given for several weeks without improve- 
ment. On entry, he had a moderate fever and a short 
loud systolic murmur, loudest at the mitral area. No 
diastolic murmur could be made out. The blood culture 
was again positive for non-hemolytic streptococcus (25 
cols, per ml.). He received 10,240,000 units of peni- 
cillin over a 60-day period (see Figure 5 and the tables). 
The temperature dropped promptly but on the 5th day 
of treatment, he had a chill with high fever and a crop 
of petechiae. The blood culture, previously negative, 
again showed a few colonies of non-hemolytic strepto- 
coccus. Apparently, a bit of infected vegetation had 
broken off. Thereafter, there was gradual but steady 
improvement, although there were several more sharp 
rises of temperature, perhaps due to emboh, but without 
positive blood cultures. During the last 3 weeks of 
treatment and during subsequent hospital stay, the tem- 
perature was normal and he left the hospital feeling 

perfectly well. • j 

At the end of a 4 months’ follow-up period, he seemed 
i„ good healfl., H. was working and had 

no symptoms. Blood culture was sterile. The systolic 
murmur was unchanged. 

Case 6. A 59-year-old woman was known to have 
had a valve lesion for several years at least Two 
months before entry she noticed weakness and fever. 


There had been splinter hemorrhages in die nail-beds, 
and blood culture was reported positive for 5. vindans. 
On examination, she was an elderly, febrile, prostrated 
woman. The heart was enlarged witli typical snapping 
first sound of mitral stenosis followed by a loud systolic 
murmur. There was clubbing of fingers. Blood culture 
yielded 40 colonies per ml. of S. vindans. Penicillin 
was given at the rate of 200,000 units per day by con- 
tinuous intravenous drip for 3 days, then by intramuscu- 
lar injection every 3 hours at the rate of 200,000 units 
per day for 25 days, and then at the rate of 120,000 units 
per day for 32 days, a total of 9,440,000 units in 60 days. 
On_ the day after treatment was started, less than one 
colony per ml. was obtained in blood culture and from 
that time on, all cultures (13 in number) were sterile. 
Temperature after the third day (see Figure 6 and the 
tables) was low and after penicillin was stopped, it was 
not above 37.6° C. (rectal). There was steady clinical 
improvement and she left the hospital feeling very well. 
Three months later, follow-up studies in the hospital 
found her still somewhat weak, rectal temperatures were 
37° C. and physical examination was not remarkable 
except that signs in the heart were unchanged. 

It seems probable that her infection has been elimi- 
nated but she seems weaker than before the illness, which 
is not remarkable at her age. 

Case 7. A 64-year-old man had no story of rheumatic 
fever or old heart lesion. Two months before entry, 
several teeth were extracted. The operation was fol- 
lowed by malaise, weakness, fever, and 30 lbs. weight 
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Fig. S. Temperature Curve from Case 5 Showing First 3 WeeIcs of Treatment 
Occasional spikes of fever occurred during the first months. Thereafter the temperature was normal. 


loss. On examination, he was a little pale and looked 
tired and worn. The first sound at the apex was fol- 
lowed by a loud rough murmur, typical of organic valvu- 
lar disease. The spleen was readily felt There was a 


tender area over the tendons of the right wxisL Two 
blood cultures each yielded about 25 colonies of S. 
viridans per ml. He was treated for 60 days with peni- 
cillin, receiring a total of 9,700,000 units. Blood culture 


DAY OF TREATMENT 
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(with penicillinase), made 2 hours after the intravenous 
drip of penicillin was started, yielded no crowth and all 
subsequent cultures were sterile. There was a prompt 
drop of temperature (sec Figure 7 and the tables) and 
within a few days he felt much belter and ran an essen- 
tially uneventful course. On discharge on the 64th day, 
and 4 days after stopping penicillin, the temperature was 
normal and he. felt perfectly well. The spleen was no 
longer palpable, but the heart sounds were unchanged. 
Follow-up visit 2 months later found him well and at 
work, and blood culture was sterile. 

Case S. An 18-year-old housewife had had rheumatic 
fever at the age of 10. She was in bed for a long time, 
was left with a heart murmur, but was essentially well. 
About 4 months before entry, she developed fever, 
malaise, joint pains, and palpitation, and 7 blood cultures 
were reported positive for S. viridans. Sulfadiazine was 
given without benefit in another hospital. On examina- 
tion, she did not appear very ill. There was moderate 
fever. There was a thudding first sound at the apex 
followed by a loud musical systolic murmur. A soft 
echoing diastolic murmur was also heard to left of 
sternum. It was thought tliat she probably had an old 
rheumatic mitral lesion with subacute bacterial endo- 


carditis, and blood culture again yielded 5". ^nridans. 
There were a few petechial spots but the spleen was not 
felt. There was no evidence of a renal lesion. She re- 
ceived 300,000 units of penicillin daily by intravenous 
drip for 8 days and slightly smaller amounts for the 
next 3 days. Thereafter intramuscular injections were 
given in amounts of 120,000 to 200,000 imits daily up 
to 60 days — a total of 10,000,00 units. There was a 
prompt drop of temperature to normal (see Figure 8 and 
the tables). The blood cultures became negative and 
.she felt well. Her course was uneventful except for 2 
spikes of fever, probably due to pyrogenic solutions, and 
she left the hospital well, but with the heart signs un- 
clfanged. Follow-up studies 6 weeks later showed her 
to be tiic picture of health, with no symptoms, norma! 
temperature, and negative blood culture. 

Case 9. A 64-ycar-old woman had had "rheumatic 
fever” 18 years ago. Six weeks before entrj', she de- 
veloped chills and fever, and blood cultures were found 
positive for S. viridatts. She was treated for 4 weeks 
with sulfathiazolc without benefit. Examination showed 
a thin, tired, febrile elderly woman. The heart was en- 
larged, the rate 140-150. There were typical signs of 
mitral stenosis. The spleen was not felt; there were no 
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Fig 7. Temperature Curve of Case 7 for First 2 Weeks of Treatment 
From this time on, aside from occasional elevations, the temperature was essentially normal. 
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DAY OF TFEATMENT. 



Fig. 8. Temperature Curve of Case 8 fof. the First Week of Treatment 
Except for febrile reactions on the 9th and 32d days, probably from pyrogenic 
solutions, the temperature remained essentially normal. 


petechiac. Blood culture yielded 70 colonies of S. viri- 
daiis per ml. This patient received intramuscular injec- 
tions of calcium penicillin from the start, 200.000 units 
daily for the first month and 120,000 units daily for the 
second month— a total of 9,860,000 units. There was a 
gradual fall in temperature but slight delations per- 
sisted up to discharge (sec Figure 9 and the tables). 
Blood cultures promptly became sterile and all sjTnpfoms 
cleared up. She left the hospital clinically well. Six 
weeks later she was in the hospital for a week for 
follow-up studies. The highest daily rectal temperatures 
were about 37.5° C., blood culture was sterile, and she 
felt well although the heart signs were unclianged. In- 
vestigation of kidneys by c.xcretorj- pyelography, because 
of persistent changes in urinarj- sediment, revealed an 
appearance suggestive of polycj-stic kidneys. 

Ccjr 10. A 29-ycar-old bookkeeper had no historj- of 
rheumatic fever but was said to luvc h.ad an enlarged 
heart since ciiildhocyl. He liad been short of brealli on 
effort for a long time. .About a month l>eforc entry, he 
had what was callcai *'iiu,'’ fnilc.ved hy bilateral flank 
pain for 12 days. Blcvvi cultures uerc positive for S. 
taWe.rui. Examination showed an acutely ii! man with 


high fever, greatly enlarged heart, systolic and presys- 
tolic apical murmur, palpable spleen, and tenderness in 
right flank. There was no frank decompensation at this 
time. He was started on penicillin intravenously (sec 
Figure 10 and the tables) but seemed unable to accom- 
modate tlic required amount of fluid. There were sev- 
eral episodes which seemed to be associatcfl with pulmo- 
nary and renal infarcts. It was thought tint some of 
the spikes of high fever might be associated with, trans- 
fusion reactions but even after these were sfopj'cd the 
temperature stayed high until the 21st d.ay of treatment 
when it fell rapidly to almost normal. The bVi-y! c-d- 
turcs, however, were negative on (he second 'I.tv 'f 
therapy and rcm,ained so thrcragi-nut. He v.as gisen 
penicillin intensively for 60 sEys m.o'tJy hr the int.m- 
muscular route (Figure 10). .As hi' i.':fecti''n i-n-rr-.e;, 
frank signs o: cardiac milurc 'ievelece^I and he 
sent to another h.ospital for c./ntimte-I r-'t. 

Here. then, is an in-tance c: ; roh-.l > er'.-rp-.t: c* 
the infection hut s-.i:;; •uF.cient damare to j -ut- 
cardiac f.ailurc. It is al'O cf r.'te t:.r.t this ;:’.i"s'< 
strain was r.rt ir.hi' it-d in thr trs! tuV -.si;'; C 'l'-r-.ra- 
lion' of penicillin I-s! than f ' I uriSs r-', <: r-.- l.a 
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Fig. 9. Temi'erature Curve from Case 9 


In spite of this relative resistance, blood cultures 
promptly became negative. 


Case 11. A 23-year-old man had had “St. Vitus 
dance” at the age of 12 followed by “heart trouble.” He 


Finally, the importance of prolonged treatment is had gotten along all right, however, until 3 months be- 
brought out, as one might well have considered him a fore entry when he developed increasing fatigue, cough, 
failure at the end of 3 weeks when the fever was still swollen ankles, and fever. A blood culture was positive 
high. Jor -S'* vlridans and he was sent to Stanford Hospital 


DAY OF TREATMENT 
I 2 3 4 5 6 7 8 9 iO II 12 13 


12 3 4 5 6 7 8 


lailCKilftlfASMBiZiaji 

Mi?i?iir»r»::nrBHan9z 


■bMi.IBBBBBBBBBBBBBBBBBBBBBBBBI — * 

aaVAlllIBBBBBBBBBBBBBBBBBBBBBBBB 
aSflkllllBBElBBBBBBBBBBBBBBr^BBBB 
Bv'il'IIIE JVllir9BBBBBBraBBaa*AlBBBB 
SaaE llliAlIJIlfiilBBI IK^JfivlBBi, lV/l1i.JBB 

naaaanriKiaJHSinivuiJiikJIVik^iil 

iBBBar'- 


iBnn\if/]flfilflft.3K!!riBB| 

TMfllWlUrilWgiMWMg 


■ ^■■■■■■■■r«'BBaBBBBBBBBBaBa[ilBBaBBBariilEJiLJiriaBaBBBal 


xlOO .000 2 


IBBBBBBBBBBBBBBBBBBBi 


Fig. 10. Temperature Curve from Case 10 Showing First 25 Days of Therapy and First Week After 

Penicillin Was Stopped 

It was only after 3 weeks of treatment that fever subsided. 
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Fig. 11. Temperature Curve from Case 11 


for penicillin therapy. On examination, he looked sallow 
and tired. There vras clubbing of the fingers but no 
pctechiac were seen. The spleen was palpable. He was 
somewhat dyspneic. The heart was markedly enlarged 
and there was a loud aortic diastolic murmur. The 
blood pressure was read at 17S/?. There were some 
rales at the bases. There was high fever and marked 
anemia with packed cell volume of only 32, red blood 
cells 2.9 M, and white blood cells 18,000. The urine 
showed the sediment of a marked glomcrulitis. Blood 
culture on ento’ yielded SO colonics of non-hcmolytic 
streptococci per ml. of blood. The strain u-as highly 
sensitive to penicillin and although he did not quite meet 
the specifications which we had laid down, it was de- 
cided to treat him. Penicillin was started by intra- 
muscular injection every 3 hours at the rate of 300.000 
units in the 24 hours. The temperature fell somewhat 
with prompt improvement in wcll-lx:ing. On the fourth 
day, out of a clear sky. there was sudden collapse with 
rapid feeble pulse, prostration, sweating, and deatlt in a 
few hours (sec Figure 11 and the tables). 

.-fiito^ry sbowe<l a huge otal vegetation If*o<-eIv at- 
taeb.esi to the aortic valve but there was m coronarv 
arterj- or pulmonarv- embolus and no rupture of a mv- 


cotic aneurism. In short, no cause of deatli was found. 
It was thought that the mobile vegetation might have 
occluded tlic mouth of a coronary artery but this was 
purely speculative. At any rate, it seemed clear tliat 
penicillin had nothing to do with his death. The same 
lot was given to many other patients without reaction. 
There were no intravenous injections. 

WTiile the case is included in the scries, it really can 
not be considered a "penicillin failure.” 

RESULTS 

Immediate effects 

The first and one of the mo.st slrikiri" cffccls 
of penicillin therapy in many casc.'^ wa.s an im- 
provement in general well-being. \\'it!!:!i a few 
days, in some cases within 24 hours, the patient-s 
insisted thev’ felt better. 0,ie got the impression 
tliat "toxemia” had been lessened: ayipetite im- 
proved, and there was a dcsi.''c for incrca'c-d ac- 
tivity, reading, etc To sr<me c.xten!. tiwe 
changes went hand in hand with crop in tem- 
perature, Irjt by no mcams a'tcgcthcr. 
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Effects of treatment on fever 

In 8 of tile 11 eases, there was a prompt and 
striking drop of temperature to a practically nor- 
mal level of not over 37.5° to 38° C. (rectal). 
One patient died on the 4th day of treatment 
(Case 11), and in Case 10, the temperature 
showed no definite decline for the first 3 weeks 
of treatment but then came down. This patient 
had a strain of streptococcus which was relatively 
resistant in the test tube. After the initial drop 
of fever, the temperature remained essentially' 
normal in some eases. In others, a flat curv’c 
was disturbed from time to time by greater or 
lesser elevations, perhaps due to emboli, or per- 
haps to pyrogenic reactions or to phlebitis associ- 
ated with intravenous therapy. In still other pa- 
tients, after the initial drop, a low fever continued 
more or less throughout the hospital stay. This 
we were inclined to regard as part of the disease 
perhaps associated with absorption and with heal- 
ing of lesions even after the patient was “bacteria- 
free.” However, an examination of the curves 
obtained during the last week of hospital stay, 
after penicillin injections had been stopped, 
showed the highest temperature (rectal) in any 
case to be under 38° C. 

All in all the fever curves suggest that treat- 
ment should be continued over a long period in 
order to obtain the most secure results, even 
though an occasional patient may be “cured” with 
a short course of penicillin. 

The findings described are illustrated in Fig- 
ures 1 to 11. 

The effect of pe^iicillin on the blood culHire 

When the patient is receiving large doses of 
penicillin, enough of the antibiotic may be car- 
ried over from the blood stream to inhibit organ- 
isms which otherwise could be grown in culture. 
For this reason, “penicillinase” (3) was added to 
the media with many of our blood cultures in 
order to prevent spurious “negative” results. As 
seen in Table II, the blood stream was sterilized 
with great promptness in practically all cases. 
Indeed, after the first few days, no positive cul- 
ture was ever obtained in any patient, although 
in the whole series, 52 cultures were made during 
the period of penicillin therapy and 71 cultures 
were made during the follow-up period after peni- 


cillin was stopped. This differs somewhat from 
the experience of others (4) with patients treated 
for relatively short periods, to the effect that there 
is a marked tendency to relapse within a few 
days to a few weeks after the discontinuation of 
penicillin. We arc inclined to ascribe the results 
obtained so far in this scries to the time factor — 
the continuous treatment over a long period (6 
to 8 weeks). 

The detailed data are given in Table II. It is 
to be noted that there was no relation between the 
degree of bacteremia and the readiness with which 
the blood stream was sterilized, or indeed with the 
subsequent course. The paramount point seems 
to be the sensitiveness of the strain in question, 
although further statistics on this point are 
necessary'. 

Case 5 is of particular importance since a spike 
of fever on the fifth day was associated with a 
positive blood culture (sec Figure 5). This sug- 
gests that viable organisms may lurk in the depths 
of tlie vegetations for some time. 

Petechial spots 

The relation of petechial spots to bacteremia has 
not, as far as we know, been exactly' established. 
It seems of particular interest, therefore, to study 
the occurrence of petechiae before and after peni- 
cillin therapy. Among the 1 1 patients, there w'ere 
4 in whom none was seen at any time. Case 2, 
on entry, had the most profuse eruption we have 
ever observed in bacterial endocarditis. The 
skin, conjunctivae, and buccal mucosa were pep- 
pered with innumerable spots. Showers of fresh 
lesions continued for the first 4 day's of penicillin 
therapy'; thereafter, fewer spots appeared; and 
after the 2 weeks of therapy', no more were seen. 
The blood culture on the other hand was negative 
after one day' of treatment and bacteria were 
never again grown from the blood stream. 

The following table (Table III) summarizes 
the findings in all the cases. It is seen that pete- 
chiae continued to appear in many cases long 
after bacteria could no longer be obtained from 
the blood. Negative blood cultures do not, of 
course, prove the complete absence of bacteria 
from the blood stream, but petechiae ultimately 
were no longer found and this we were inclined 
to associate with “healing” of the lesions. 
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TABLE II 

Effect of penicillin therapy on the blood culture 


Case 

no. 

Blood cultures, before “P” was started 

First culture after **P’* was started 

Subsequent cultures (number) 

, During *T” 
therapy 

After “P” therapy 
was concluded 

Neg. 

P03. 

Neg. 

Pos. 

1 

S. viridans — 70 cols, per ml. 

5. viridans — 25 cols, per ml. 

Neg. (4th day) 

4 

0 

10 

0 

2 

5. viridans — 400-f- cols, per ml. 

Neg. (after 1st day) 

2 

0 

12 

0 

3 

S. viridans — a few cols, per ml. 

Neg. (4th day) 

4 

0 

9 

0 

4 

Non-hemolytic strep. — 25 cols, per ml. 

Neg. (1 month) 

1 

0 

10 

0 

5 

Non-hemolytic strep. — 25 cols, per ml. 

Pos. (5 day) a few_ cols, per ml. 
associated with chill and fever 

i 6 

0 

10 

0 

6 

Non-hemolytic strep. — 40 cols, per ml. 
Non-hemolytic strep. — 25 cols, per ml. 

Pos. (1 day) less than 1 col. per ml. 
Neg. (2 day) 

10 

0 

4 

0 

7 

S. viridans — 26 cols, per ml. 

Neg. (2 hours) 

10 

0 

3 

0 

8 

5. viridans — 2 cols, per ml. 

5. viridans — 8 cols, per ml. 

Neg. (3 day) 

3 

0 

9 

0 

9 

S. viridans — 70 cols, per ml. 

Neg. (5 day) 

7 

0 

2 

0 

10 

5. viridans — 8 cols, per ml. 

S. viridans — 2 cols, per ml. 

Neg. (2 day) 

6 

0 

2 

0 

11 

Non-hemolytic strep. — 50 cols, per ml. 
Non-hemolytic strep. — 50 cols, per ml. 

Pos. (1 day) 15 cols. 

No more taken — died on 4th day 
of treatment. 


Embolic phenomena 

Gross embolic phenomena were not always easy 
to identify since bouts of fever might be due to 
pyrogenic reactions from penicillin solutions or to 
phlebitis set up by intravenous injections. How- 
ever, in 5 cases, there was no suggestion of em- 
boli at any time. In Case 7, occasional elevations 


Case 

no. 

8 

3 

6 

10 

2 

5 

I 


TABLE III 

Relation of petechiae to positive blood culture 


Blcxxl culture ncpiUvc 
(day of treatment) 

3 (first culture) 

4 (first culture) 

2 (second culture) 
2 (first culture) 

2 (first culture) 


11 (second culture) 
First culture posi- 
tive on Sih d.iy 
4 (first culture) ' 


Petechiae 

Occasional up to 35th day 
of treatment 

Occasional up to 33d day 
of treatment 

Occasional up to 29th day 
of treatment 

Occasional up to 2Slh day 
of treatment 

Profuse for 4 days; some 
up to 14th day of treat- 
ment 

\'cry few petccliiac up to 
7th day of treatment 

None seen after treatment 
was started 


of temperature which may have been associated 
with emboli persisted up to the 50th day of treat- 
ment. Case 6 had splinter hemorrhages and 
painful finger tips up to the 4Sth day. In Case 3, 
definite splenic and pulmonary’ infarcts occurred 
until the 33d day. Case 10 had frequent emboli 
to lungs, kidneys, and otlier situations up to the 
28th day. In Case 5, spikes of fever — doubtless 
associated with emboli since there was a positive 
blood culture in one such episode — persisted 
through the 29th day, and in Case 2, there were 
probable embolic episodes for the first 3 week's. 

It seems clear, then, that emboli may continue, 
long after blood cultures are negative. This one 
might expect because even if the lesions h.avc been 
sterilized, particles of vegetation would probably 
continue to break away during the early stage ■> 
of healing. 

Pcipebir spleen 

In 6 of the II patients, the spleen -.vas n^t frit 
at any time. In Case 6, the edge w:n. frit up to 
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tile 31st da}'^ but not thereafter. In Case 10, the 
spleen, at first 3 cm. below the costal margin, 
could not be felt after the 21st day, and in Case 3, 
the spleen which had been readily felt was no 
longer palpable after the third week of therapy. 
In Case 7, the spleen which was noted several 
finger-breadths below the costal margin on a num- 
ber of occasions was never felt after the fifth day 
of therapy. In another patient, not included in 
the present series and still under treatment, the 
spleen which at first was a full hand’s breadth 
below the costal margin receded almost completely 
witliin the first week of therap 3 L The exact ana- 
tomical explanation of decrease in size of spleen 
is not clear, but is probably associated with dimi- 
nution of infiltration of certain cell types (5). 

Clubbing oj fingers 

In the present series, perhaps because many of 
the cases were early, clubbing of tlie fingers was 
seen in only 4, or 36 per cent. In Case 2, club- 
bing already present on entry progressed acutely 
with symmetrical redness, swelling, and tender- 
ness of the ends of all fingers and toes. Case 11 
died on the fourth day of treatment so tlie course 
of his clubbing under penicillin could not be ob- 
served; in Case 6, the appearance present on 
entry seemed to become more marked as the pa- 
tient improved, but in Case 3, slight clubbing defi- 
nitely receded under treatment. The observa- 
tions are too limited to justify further comment. 

Change in cardiac physical signs 

Since most instances of subacute bacterial endo- 
carditis occur in connection with previously dam- 
aged valves, the question of how much these 
structures are further injured by the infection — 
especially with reference to impairment of cardiac 
function — becomes of great importance. In 7 of 
the 11 cases, no change in the character of mur- 
murs or other physical signs was noted during the 
entire period of observation. Case 3 developed 
a moderate tachycardia, (rate approximately 100 
per minute) which had not been present before 
treatment. No definite explanation such as hy- 
perthyroidism could be proved. In Case 6, there 
was a change in the quality of the first sound at 
the apex which became “less snapping” and the 
systolic murmur became much louder and almost 


"musical.” Case 2 was of particular importance 
since there was an autopsy. Five months after 
entry and 3 months after penicillin treatment was 
concluded, it was noted that “The cardiac signs 
arc now diflercnt from those on cntrjL The first 
sound (at apex) is less snapping and is followed 
by a loud .systolic murmur well heard in the back 
(this loud murmur not present at first). There 
has doubtless been some anatomic alteration of 
the valve.” At autopsy there was mitral stenosis 
but what had obviousl}’^ been larger vegetations 
were now represented b}' verj' small flat hard and 
to some extent calcified patches. The net result 
however was marked destruction of the valve, 
which perhaps promoted the cardiac failure from 
which the patient died 3 months after treatment 
was completed. 

These observations suggest that, unless treat- 
ment is started early in the disease, irreversible 
damage to valves may occur, even though peni- 
cillin may extiipate the infection. 

Changes in cardiac junction 

The points discussed in the last paragraph open 
the question of possible changes in cardiac func- 
tion in connection with bacterial endocarditis. 
According to some writers, the frequency of car- 
diac failure in this disease, as well as the presence 
of myocardial changes, has not been sufficiently 
emphasized (6, 7). Other pathologists have not 
been impressed by the importance of such lesions 
in bacterial endocarditis. It seemed of particular 
interest therefore to look for signs of cardiac fail- 
ure, if any, in patients rendered bacteria-free by 
penicillin. Of the 11 patients, only 1 (Case 11) 
showed evidence of cardiac failure before treat- 
ment. There were dyspnea, edema, rales at the 
bases, engorgement of the liver, tachycardia, and 
gallop rhythm. This patient died on the fourth 
day of penicillin therapy, possibly from obstruc- 
tion of a coronary arteiy by a mass of vegetation. 
In 6 cases, there was no suggestion of cardiac 
failure at any time during our period of observa- 
tion. Case 3 developed a moderate tachycardia 
which persisted during tlie follow-up period, but 
he was very active and without symptoms. In 
Case 10, there was no frank failure on entry but 
gradual development of mild decompensation with 
dyspnea, basal rMes, swollen liver, edema, and 
weakness which has necessitated continuous hos- 
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pitalization although he is afebrile and bacteria- 
free. Case 2 (q. v.) gradually developed failure 
after penicillin treatment was completed. There 
was dyspnea, edema, rales, and increased venous 
pressure. These symptoms were intractable un- 
der standard cardiac therapy and she died in the 
hospital. Case 6, finally, at the end of the 
follow-up period felt very tired and became short 
of breath on slight effort. 

In summary, then, in 3 of 11 patients, in spite 
of prompt clearing of the active bacterial infec- 
tion, evidence of cardiac weakness supervened. 
These findings suggest that the insult from such 
infection may so damage valves or myocardium 
as to cause an irreversible impairment of cardiac 
function. This hazard must be taken into ac- 
count in evaluating the ultimate outlook for pa- 
tients with bacterial endocarditis “cured” by 
penicillin. 

Changes in electrocardiogram 

Electrocardiograms were taken from time to 
time in ail the patients. In 8 cases, there were 
no significant changes. In Case 6, minor T wave 
and axis changes occurred, in Case 2 there were 
quite marked changes in T waves and in electrical 
axis, and in Case 10 there were changes in P 
waves, T waves, and axis. It is of interest that 
all these 3 patients developed more or less evidence 
of cardiac failure (see preceding paragraph). 

Blood count 

Only 2 of the patients were very anemic before 
penicillin therapy was started. The count on 
entry and the last count before discharge are 
shown in Table IV. It is seen that the blood 
was essentially normal in all cases at the end of 
treatment although transfusions were given to 6 
patients. Leukocyte counts moderately clc%*ated 
before therapy were all normal before discharge. 

Renal lesions 

Careful studies of the urinary sediment by tlic 
methods of Addis were done (C. D. A.) in order 
to study the effect of penicillin therapy on the 
renal lesions of bacterial endocarditis. It is not 
the purpose now to go in detail into the exact 
nature of these lesions but it is gcneraliv agreed 
that some sort of gloincailitis is the outstanding 
fiiKling. and th.it tlic presence of ab.no.mul num- 


TABLE IV 


Blood counts on entry and on discharge 




On entry | 

'Before discharge 


no. 

Hgb. 

(Sahli) 

1 

R.B.C.j 

W.B.C. 

Hgb. 

(Sabli) 

R.B.cJ 

1 

W.B.C. 

fusion 


percent 

million | 


per cent 

million | 



1 

68 

3.96 , 

14,600 

80 

4.40 1 

7,800 

Yes 

2 

72 

4.10, 

16,500 

85 

5.00 

7,400 

Yes 

3 

73 

3.90 

10,900 

95 

5.10 

6,800 

Yes 

4 

86 

5.56 

10,500 

92 

5.18 

7,800 

No 

5 

83 

5.20- 

11,900 

81 

5.00 

9,000 

No 

6 

70 

4.00 

9,000 

80 

4.00 

9,000 

Yes 

7 

72 

4.20j 

14,000 

88 

4.50 

9,200 

No 

8 

68 

4.2S 

10,700 

92 

4.98 

10,000 

Yes 

9 

72 

4.08 

11,300 

75 

i 4.10 

8,800 

No 

10 

so 

2.70 

13,000 

82 

5.00 

1 7,800 

' Yes 

11 ! 

i 

56 

2.90 

17,800 

Died on 4th 
! day 

Yes 


bers of red blood cells in the urine is the most 
constant expression of the disorder. 

The results are shown in Table V. Briefly, 
while the intensity of tlie process as judged by the 
urinary sediment was usually diminished, the le- 
sions apparently did not heal altogether except 
perhaps in Case 7 who had very slight changes 
from the start. Case 2 at autopsy showed only 
a few scarred glomeruli and it is quite possible 
that a progressive lesion was arrested by elimina- 
tion of the streptococcal infection. That tliis docs 
not always result, however, we have pointed out 
elsewhere (8). At any rate, long observation 
with correlation of sediment and histological 
changes will be necessary in other cases before 
the final answer is obtained. 


Reactions and untozoard effects 


Complaints of soreness in the buttocks were 
negligible in spite of the large number of injec- 
tions which during the course of weeks amounted 
to several hundred. In a few cases, temperature 
which had remained slightly clewited lK.‘came nor- 
mal when tlic injections were stopped. This sug- 
gests that there was a mild reaction as'^cciated 
witli the trauma of frequent (’.ypcviermics. In 
some patients, slight e!c\-ations of temperature, 
or occasionally a sharji .‘pike may li.ave bren ds;-- 


to non-specific pyrogenic niritcrial. Two pritie 
liad Iransic.nt mild urticarial e.-uptions. "n.-e r: 
jority of ti’.ose wl:o receive:! pro'ongt-l iatraver. 
miusinns of p.-nicinin <Ieve!rg>-! pldd itis «•: 
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TABLE V 

Effect of penicillin therapy on the renal lesion of bacterial 
endocarditis as shenun by study of urinary sediment 


Case 

no. 

Dcrtcc of 
lesion at 
start of 
treatment 

DcErec of 
lesion nt 
end of 
treatment 

Dcrtcc of 
lesion at 1 
last 

follow-np 

Course 

1 

+ + + + 

+ + 

-1- 

Improved 

2 

+ + + 


+ 

Died — Autopsy: 
a few scarred 
glomeruli 

3 

+ + + 

+ + 

+ 

Improved 

4 

0 

0 

0 


5 

0 

0 

0 


6 

+++ 

-1- + 

+ 

Improved 

7 

+ 

0 

0 

Well 

8 

+ + 

+ 

+ 

Improved 

9 

+ + 

+ 

+ 

Improved 

10 

11 

-f-f-h-h 

-h-t-F 

++++ 

No exam. 

No change 

Died — .Autopsy 


4 plus = Large numbers of R.B.C., white and epithe- 
lial cells, many casts, and increase of protein 
output. 

1 plus = A slight increase in output of R.B.C. and 
W.B.C., possibly a few casts and a trace of 
protein. 

2+3 plus = Intermediate findings. 

perficial arm veins which subsided with rest and 
compresses. 

In summary, it may be said that intensive peni- 
cillin therapy over long periods of time was un- 
associated with any toxic effects attributable to 
the material itself. 

Late results 

The present report is concerned mainly with 
the immediate course of events under penicillin 
therapy even though the follow-up periods ex- 
tended up to 6 months. Case 11 died on the 
fourth day of treatment — too soon to draw any 
conclusions. All the other patients, as evidenced 
by clinical findings and blood culture, were ren- 
dered bacteria-free ® and we were inclined to 
regard them as “cured” (see Table VI). In Case 
2, however, the findings at autopsy of cocci in the 
depths of the “healed” valve lesion makes it neces- 
sary to modify any positive statement. Should 
bacteremia and clinical symptoms recur, one might 
be dealing with either reinfection or relapse, and 
a comparison of strains from the original and 
subsequent attacks would be necessary to settle 
the matter. Full understanding of the whole situ- 
ation is obviously contingent on long periods of 

2 Throughout this paper bacteria-free means that re- 
peated blood cultures, using broth flasks and poured 
blood agar plates, yielded no growth. 


TABLE VI 

Summary of results of treatment 


Total cases 

No. 

11 

Percent 

100 

Rendered bacteria-free 

10* 

91 

Rendered bacteria-free and clinically 
"cured" except for old signs of heart 
lesion 

8 

73 

Clinically cured of active infection 
after follow-up period of from 2 to 

6 months 

8 

73 

Rendered bacteria-free but died later 
in cardiac failure 

1 

9 

Rendered bacteria-free but signs of 
cardiac failure later 

1 

9 

Death during treatment (4th day) un- 
explained 

1 

9 

Relapses or reinfections 

0 

0 


* The one patient not rendered bacteria-free died on the 
fourth day of treatment. No culture had been made since 
the second day. 

"Bacteria-free" tliroughout tliis paper refers to a sLatus 
in which tlie blood culture repeatedly yielded no growth. 

observation and more autopsies in “apparently 
healed” cases. 

As to functional results. 7 of the 11 patients 
are back at work and apparently as well as be- 
fore bacterial endocarditis developed. One pa- 
tient after a short follow-up period still feels tired 
and is short of breath on effort although there 
are no signs of infection, and another, although 
bacteria-free, now has frank cardiac failure. One 
patient is dead of cardiac failure (Case 2) and 
one patient died early in the course of treatment. 

There seemed no doubt about the relation of 
therapeutic effect to strain sensitivity and unless 
the organism is readily inhibited in the test tube 
it seems hardly worthwhile starting treatment. 
A young man had a bacterial infection in connec- 
tion with a patent ductus arteriosus. A non- 
hemolytic streptococcus isolated from the blood 
grew freely in high concentrations of penicillin. 
Intensive therapy consisting of as much as 500,- 
000 units per day by continuous intravenous infu- 
sion failed to lower fever or to reduce the bac- 
teremia. Another patient, a young woman, with 
all the typical clinical features of bacterial endo- 
carditis, was treated in spite of the fact that nu- 
merous blood cultures yielded no growth. There 
was no benefit and later influenza bacilli were 
recovered from the blood stream on 3 occasions. 

DISCUSSION 

With the exception of 1 who died of un- 
explained causes early in the course of treatment. 
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10 consecutive patients with bacterial endocarditis 
with strains of streptococcus sensitive to penicillin 
were rendered "bacteria-free” and clinically cured 
of the infection although 1 died later of cardiac 
failure. Seven, or well over half, are back at 
work and so far appear to be in as good health 
as before the infection. 

The question comes up as to the explanation 
of these results in view of the high percentage of 
failures reported in the early days of penicillin 
treatment of bacterial endocarditis. We believe 
that the time factor is paramount and within 
limits perhaps even more important than the daily 
dose. Everything indicates that continuous treat- 
ment over a long period (2 months or more if 
necessary) is much more likely to extirpate the 
infection completely than brief runs of penicillin, 
even if the daily dose is large. Granting this 
premise, one wonders whether the technique of 
administration cannot be simplified. We are now 
trying an entirely new program consisting from 
the start of intramuscular injections of 50,000 
units of penicillin given only 4 times in the 24 
hours (at 6-hour intervals). Three patients now 
under treatment by this method have responded 
with prompt fall in temperature and clearing of 
the blood stream. But long time studies are obvi- 
ously necessary to settle these questions and, as 
said above, the present paper deals mainly with 
the immediate effects of penicillin. 

CONCLUSIONS 

Intensive penicillin therapy over long periods 
(approximately 6 to 8 weeks) led to the following 
results in 11 patients with bacterial endocarditis 
caused by strains of streptococcus sensitive in 
the test tube. 

1. All patients were promptly made "bacteria- 
free” (blood cultures) e-xcept one who died early 
in the course of treatment. 


2. Eight, or 73 per cent, were clinically cured 
of the infection after follow-up periods up to 6 
months. 

3. One patient, apparently cured of the infec- 
tion, died of cardiac failure. Cocci were seen in 
the depths of a scarred mitral valve. The sig- 
nificance of this observation is not clear. 

4. There were no clinical relapses or reinfec- 
tions. 

5. Petechiae and emboli continued for some 
time after the blood cultures were negative. 

6. Renal lesions as evidenced by studies of uri- 
nary sediment were not as a rule completely elimi- 
nated by the treatment. 
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Certain investigators (1) have recently con- 
firmed the earlier limited data (2 to 4) which 
indicated that rats maintained on a diet in which 
the protein was supplied in the form of an acid 
hydrolysate of casein became anetnic and that this 
anemia was relieved by the administration of 
tryptophane. The anemia observed by these 
workers was vciy' slight in degree. The hemo- 
globin was reduced below 12.5 grams in 10 out 
of 16 animals but only in 1 of these was it as 
low as 10.0 grams. In addition, these investi- 
gators noted that a reduction in plasma protein 
preceded the fall in hemoglobin. These findittgs 
differ from those of another worker (5) who 
placed 9 rats on a tryptophane-low diet consisting 
of equal parts of acid hydrolyzed casein and zein 
and observed anemia in only 2 of the animals. 
The former workers criticise the latter’s work on 
the ground that the diet was not entirely free 
from tryptophane and the experiments were not 
of sufficiently long duration. 

Observations in other species are even more 
limited. Evidence from experiments in dogs in- 
dicates that tryptophane plays a role in the forma- 
tion of plasma proteins (6) and hemoglobin (3, 
4, 7). In tryptophane deficiency produced ex- 
perimentally for periods of 2 to S weeks in human 
subjects, one of us (M. M. W.) working with 
the first mentioned workers (1) was unable to 
demonstrate significant alterations in the red cells. 
The following observations in swine, although 
also limited in number and in scope, are reported 

1 Aided by grants from the Rockefeller Foundation, 
Parke, Davis and Company, and the Upjohn Company, 
and carried out, in part, in cooperation with the Bureau 
of Animal Industry, United States Department of 
Agriculture. 

2 Present address. Department of Medicine, University 
of Utah, Salt Lake General Hospital, Salt Lake City, 
Utah. 


because of the jironounced anemia and hypo- 
protcincmia which flevclopcd when c.nscin in the 
diet was rcjilaccd hy acid hydrolyscfl casein. 

\Vc have also heen intcre.^lcd in studying the 
relationship of the anemia developing in pigs fed 
diets poor in tryptophane with that seen in pyri- 
cloxine deficiency since, in the latter, abnormal 
metabolism of tryptophane occurs (8, 9. 10). 
Pj’ridoxinc-dcficient swine excrete xanthurenic 
acid, "kynurenine," and anotlicr indole derivative 
in tlic urine in abnormal quantities. It therefore 
seemed desirable to ascertain the effect of low 
tryptophane intake on the course of pyridoxine 
deficiency as well as to compare the anemias de- 
veloping in each tj-pe of deficiency. 

MATERIAL AND METHODS 

Full details of the e.\pcrjmenta] method have been 
published elsewhere (11). Pigs were obtained from 
the Bureau of Animal Industry, the United States De- 
partment of Agriculture, Bcltsvillc, Maryland, except 
animals 8-01 to S-OS, inclusive, which were obtained 
from a private source. These animals were of Chester 
White breed and suckled until approximately 3 weeks 
of age, when the experiment was commenced. 

The hydrolysate of casein ^ was an acid hydrolysate 
and by analysis was free of tryptophane. When supple- 
mented with tryptophane, it permitted growth of at least 
10 grams per week in rats. 

The standard diet consisted of casein,-* 26.1 per cent; 
sucrose, 57,7 per cent; lard, 11.0-per cent; swine salt 
mixture no. 3 (11), 5.2 per cent; 36.4 grams of this 
mixture constitutes one “kilo unit” and furnished 152 
calories. When the casein was replaced by casein hy- 
drolysate or zein,® it is so stated in the tables and 
protocols. When less than 26 per cent casein or casein 
hydrolysate was used, the caloric deficit was made up 

® Products 89-9 and 89-10, prepared by Mead Johnson 
and Company from HIP quality casein of the Casein 
Corporation of America. 

* Sheffield “New Process,” Sheffield By-Products 
Company. 

® Corn Products Company. 
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with sucrose. In addition, the animals received cod liver 
oil® (1800 units A, 175 units D per gram), 0.5 gram per 
kgm. body weight daily. Vitamins^ were supplied in 
crystalline form by placing them in capsules and admin- 
istering them orally. The quantities of crystalline vita- 
mins given were as follows (mgm. per kgm. body weight 
daily) ; thiamin hydrochloride, 0.25 ; riboflavin, 0.12 ; 
nicotinic acid, 1.20; pyridoxine hydrochloride, 0.20; cal- 
cium pantothenate, 0.50; p-aminobenzoic acid, 0.50; ino- 
sitol, 1.20; choline chloride 10.0. The animals were 
fed the above standard diet supplemented with all 8 
vitamin supplements for 1 week. After this time, the 
appropriate protein substitutions were made and the 
pyridoxine hydrochloride was omitted from the vitamin 
supplements given the groups which were to become 
pyridoxine-deficient. All animals receiving acid hydro- 
lyzed casein took the diet poorly when it was first of- 
fered and, for this reason, for the first 2 weeks of the 
experiment, animals 7-98 and 7-99 were given half 
casein and half casein hydrolysate while pigs 8-01 and 
8-02 were given half zein and half casein hydrolysate. 

Serum iron determinations were made by the method 
of McKibbin et al. (12) by precipitating 5 milliliters of 
serum with trichloroacetic acid at 90° C. The filtrate 
was then adjusted to pH 6 with ammonium hydroxide 
and the iron determined with alpha-alpha dipyridyl after 
reducing with thioglycollic acid. A correction factor 
was used for the amount of iron which was carried 
down by the protein precipitate. Serum iron determina- 
tions by this method are accurate within + 10 per cent 
Great care was taken in cleaning glassware and in pre- 
paring reagents free of iron. 

Xanthurenic acid was measured presumptively and 
qualitatively by neutralizing the urine to litmus, adding 
a few drops of ferric ammonium sulfate and filtering 
(8). The depth of the green color was then noted. 

Serum non-protein-nitrogcn was determined by the 
method of Dr. M. V. Buell which makes use of a per- 
sulfate digestion followed by nesslerization in the pres- 
ence of potassium gluconate. This is read in the photo- 
electric colorimeter at wave length 500. Total scrum 
protein was determined by a macro Kjcldahl analysis 
as adapted by Dr. Buell in which selenium is used as a 
digestant and the ammonia collected in Ijoric acid. Al- 
bumin and globulin separations were performed by the 
nicthorl of Kingsley (13) and then measurements were 
made by the macro Kjcldahl method. 

RESULTS 

Grouf's 1 and II~"Add Hydrolyzed Casein” 
and '‘Conirol” 

Group 1 consisted of 3 pips (7-98, 7-99, and 
7-05), while Group II consisted of only I animal 
(7-03). This animal w.ns fc<i the casein used in 
nmkinp the acid hydrolysate for 7-05 and was 

* ktead 1t'V.n‘-on and Companv*. 

• Merck and Company. 


given that amount of diet which 7-05 consumed 
the day preceding. In this manner, it served as 
an inanition control. Both animals were given a 
diet containing 26 per cent casein and received 
in addition a supplement of 0.07 gram cystine per 
kgm. body weight per da 3 L The 2 remaining 
animals of Group I were fed a diet containing 
only 15 per cent acid hydrolj'zed casein. The 
results are summarized in Table I. 

The animals receiving acid hydrolyzed casdn 
ate poorly, failed to show any appreciable growth, 
and died on the 74th, 115th, and 117th days of 
the deficiency. Definite anemia developed which 
was normocytic, or slightly microcytic, and nor- 
mochromic. The anemia appeared early and ^vas 
slowly progressive. There was no evidence of 
increased hemolysis as determined by icteric index 
and qualitative urobilinogen determinations. The 
serum iron levels remained at normal limits even 
at the height of the anemia and there was no 
reticulocytosis. Terminallj^ that is a week or less 
prior to death, leukopenia appeared and persisted 
in all 3 animals. Differential leukocjde counts, 
however, revealed no consistent or significantly 
greater reduction in the number of cells of one 
series of leukocytes as compared with anotlier. 
, Blood platelets were not reduced in number. 

These animals also developed pronounced h^-po- 
proteinemia with reduction of both albumin and 
globulin. Tlie h\-poprotcincmia and anemia ap- 
peared to develop simultaneous!}’. The results of 
Tiselius electrophoretic studies are given in Tabic 
II.® For comparison with these determinations, 
tlic blood scrum of a pig (7-94) fed tiie .standard 
diet in reduced amounts ("inanition control”) 
was also e.\amined. The globulin fractions are 
designated as proteins Nos. 2, 3, and 4 since these 
appeared in slightly different arrangement as com- 
pared with those of human serum. The mo,-t 
pronounced change was in the albumin fraction 
which showed a marked reduction and some 
change from normal composition as indicattfl by 
a broad as}’mmctrical curve. 

Wlicn tlic blood changes descri!x.xl above jA.d 
become quite pronounced, pig 7-9S wni given 0,5 
gram cf,i-tr}’plophanc daily (Figi;rc 1), The ani- 
mal died 18 days later. This small am 


’ \Vc are hn lcbtof to Dr. Jv'n I-v't- '.-r, <f t' s 
D;emi=I Diviiicn for 0;c!r drtrrmImtL-?. 
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TAHEE I 

Simintary of Ike data on blood studies 


Group : 

I 

H ; 

HI 

IV 

V 

VT 

Protein, type 

.'\cid hvdrolw.ed 

Ca- 

.‘\cid hydro- 


Zein 



Casein 


Ca- 



case in 


sein 

lyrcd 

casern 







sein 

Protein, per cent 

15 1 

15 1 

26 

26 

18 


18 



26 


26 

Vithmin supplement 

Complete 

Com- 

Pyridoxine 

Pyridoxine 

Pvrkloxinc 

Com- 





pletc 

omitted 

omitted 

omittet 


pletc 

Animal number 

7-98 

7-99 1 

7-05 

7-03 

8-01 

8-02 

8-03 

8-01 

8-05 

7-80 

7-82 

7-8-1 


Duration experiment, days 

117 



74 

69 

46 

59 

64 

90 

66 

78 

73 

66 

Termination ‘ 

D 



K 

D 

D 

D 

D 

D 

K 

K 

K 

K 

RBC, millions per c. mm. 

3.87 

4.36 

5.53 

7.80 

4.80 

6.20 

5.60 

3.12 

3.86 

5.25 

6.40 

8.30 

7.93 

Hemoglobin, grams per cent 

6.8 

8.6 

9.3 

16.7 

7.7 

9.3 

9.0 

5.4 

5.9 

6.1 

8.4 

10.1 

14.0 

Volume packed red cells, 














ml. per 100 ml. 

20.4 

24.0 

27.6 

49.0 

25.7 

29.5 

29.2 

17.6 

20.2 

21.6 

27.8 

34.5 

46.0 

MCV-, cubic microns 

53 

55 

50» 

63» 

53 

48 

52 

56 

53 

41 

43 

42 

58 

MCH=, micromicrograms 

18 

20 

17 

21 

16 

15 

16 

17 

15 

12 

13 

12 

18 

MCHC% per cent 

33 

36 

34 

34 

30 

32 

31 

31 

29 

28 

30 

29 

33 

WBC, thousands per c. mm. 

5.8 

6.9 

4.0 

13.8 

6.4 

6.3 

14.0 

12.4 

10.3 

12.2 

16.6 

18.5 

18.0 

Serum iron, ^g. per cent 

143 

120 



145 

144 

116 

72 

75 

422 

465 

370 

142 

Serum NPN, mgm. per cent 

23 

31 

50 

42 

32 

31 

23 

18 

32 

32 

23 

29 

19 

Total serum protein. 














grams per cent 

2.81 

4.44 

4.41 

6.97 

4.38 

4.06 

3.19 

2.63 

3.00 

6.44 

6.63 

6.31 

6.33 

Albumin, grams per cent 

1.38 

2.44 

2.05 

3.19 

2.88 





4.06 

4.00 

4.12 

3.69 

Globulin, gram^ per cent 

1.43 

2.00 

2.36 

3.78 

1.50 





2.38 

2.63 

2.18 

2.64 

Albumin-Globulin ratio 

0.92 

1.22 

0.87 

0.85 

1.92 





1.71 

1.52 

1.89 

1.39 


> D indicates that the animal died, K that it was sacrificed. 

SMCV refers to mean corpuscular volume; MCH, mean corpuscular hemoglobin; and MCHC, mean corpuscular 


hemoglobin concentration. 

’ The mean red cell diameter 


at this time was 5.09 microns in pig 7-05 and 5.48 n in pig 7-03. 


tryptophane had no effect on the anemia and there 
was no reticulocytosis. However, the total serum 
prptein rose from 2.81 grams per cent to 4.19’ 
grams per cent. 

One of these animals developed ocular lens 
opacities. When the experiment had been in 
progress 80 days, a fine, somewhat wavy line of 
opacity was noted near the equator of the lenses 
of pig 7-98. A week later opacities were noted 
along the anterior suture lines and also at the 
posterior suture lines. In another week, the 
anterior suture line opacities were , quite pro- 


TABLE 11 

Tiselius electrophoretic analysis of serum proteins of pigs 
fed casein hydrolysate 


Ani- 

mal 

num- 

ber 

Total 

serum 

pro- 

tein 

Albu- 

min 

frac- 

tion 

Globulin fraction 

Total 

No. 

' ^ 

No. 

3 

No. 

4 


grams 

grams 

1 grams Per cent 



per 

per 






cent 

cent 





7-94 

S.00 

2.42 

2.S8 

1.11 

0.64 

0.83 

7-98 

2.81 

0.83 

1.98 

1.08 

0.33 

0.57 

7-99 

4.69 

1.87 

2.82 

1.36 

0.67 

0.79 


Condition 


Inanition control 
casein, IS per 
cent 

Casein hydrolysate, 
IS per cent 
Casein hydrolysate. 
IS per cent 


nounced, and posterior capsular or subcapsular 
opacities as well as peripheral equatorial opacities 
were clearly visible, especially in the right eye. 
By this time, the hypoproteinemia and anemia 
were quite severe. In pig 7-99, only several 
small vacuoles located nasally below and near the 
equator of the lens were seen. The hypopro- 
teinemia in this animal was never as pronounced 
as in 7-98. Pig 7-05 was not found to have 
cataracts. 

Neither epileptiform convulsions nor ataxia, 
such as occur in pyridoxine-deficient swine (14), 
were observed in these animals but they became 
very weak. The gait of 7-05 was described as 
“staggering” in character and in all the animals 
the muscular development was very poor. They 
were very thin and the hair coats were untidy. 
The hair came out very readily. Edema was 
present, especially in pig 7-98, where it appeared 
as a swelling in the under portion of the neck. 

At autopsy the tissues were edematous. His- 
tologically the muscle of 7-98 showed large areas 
where muscle fibers were atrophied or had com- 
pletely disappeared (Figure 2). Such areas were 
very cellular. The nuclei resembled those of 
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Fig. 1. Development of Normocytic Akemia and Hypoproteinemia, as ^vEu, as Terminal Leuko- 
penia, IN A Pig (7-98) Fed Aan Casein Hydrolysate in the Place of Natural Casein 
Note the increase in total serum protein following administration of a small quantity (0.5 gram) 
of (f,/-tryptophanc (arrow). At no time was there a significant rise in serum iron. 

MCV refers to mean corpuscular volume; Ht to volume of packed red cells, ml. p. 100 ml. blood. 
The leukocyte count (WBC) is e.xprcsscd in thousands per c. mm. 


sarcolemma and connective tissue cells. There 
were a few hyaline muscle fibers but on the whole 
the changes were not fresh. Muscle from 7-99 
showed extreme atrophy and a few fresh focal 
necroses. In the muscle of pig 7-05, one lesion 
consisting of a focus of several hyaline muscle 
fibers was found. Muscle tissue from 7-03 
showed no abnormalities. 

The bone marrow was pale and, in 7-98, was 
hypoplastic on microscopic examination (Figure 
4). There was no hemosiderosis in the spleen, 
liver, or bone marrow and no fatty changes were 
found in the liver. These data are summarized in 
Table III. 

Groups III Olid II’ — "Add Hydrolysed Casdr., 
Pyddoxir.c-Dcfidrr.t," ar.d "Zdu, 
Pyrtdoxiv.c-Dcf.dcv.t" 

The purpose of these 2 groups was to ascertain 
the effect of low tiyptcplunc intake on the course 


of tlie pyridoxine deficiency. Pyridoxine was 
omitted from the v-itamin supplement of both 
groups. Group III consisted of 2 animals receiv- 
ing a diet containing IS per cent acid hydrolyzed 
casein and group IV consisted of 3 animals given 
a similar proportion of zein in the place of casein. 
All animals failed to grow and died between th.e 
46tli and 90tl') day of the experiment. A moder- 
ately severe anemia developed which was nomio- 
cytic, or slightly microcytic, and nornv.<hromic. 
The 2 animals of group III developed a tcrmin.'! 
leukopenia but the animals mair.tainefi on ze:n 
failed to show this. As in group I, tr.erc v. cre 
variations in the differential leuke^r.'tc counts hut 
no significant alterations could l-e rorrrl.a!'-! v. :!h 
the changes in tlic total count. Th.c in 

remained within norma! limits. Ti'.crc v.-a- a po- 
nounced rcfluction in total strum prit'-ir.'. 

Epileptifenn cor.\-ulfions or araria v cre rut 
observe'!. Fnrti;trTr.''>rc, m xr.nti-urem’: r. *. ! 
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could be demonstrated in the urine of tliese ani- 
mals. As in the case of the pigs of group I, 
weakness and edema characterized these animals 
hut in the pigs fed zein in the place of casein 
(group IV), edema was much more pronounced. 
This was especiall}' noticeable about the eyelids, 
the under part of the neck and the genitalia (Fig- 
ure 3). Tlie swelling about one eye of pig 8-04 
was so great that the eyeball was hidden. Post- 
mortem examination revealed extreme edema of 
all the subcutaneous tissue, and in pig 8-05, there 
was serous fluid in the abdominal cavit)'. 

The hone marrow of pigs 8-01 and 8-02 was 
slightly to moderately hyperplastic (Table III). 
A slight to moderate degree of hemosiderosis was 
present. These changes seemed less pronounced 
than we would have expected in animals not given 
pyridoxine for the same length of time, as judged 
by past experience (14). The findings in pigs 
8-03, 8-04, and 8-05 (Figure 6) were similar. 
These last 3 animals had received pyridoxine, 200 
inicrograms intravenously daily, respectively, for 
the 7, 3, and 8 days preceding the autopsies. 

The muscle fibers in pigs 8-01 and 8-02 were 
very atrophic. No necroses were found. In 
pigs 8-03 and 8-05, there were a few small foci 
consisting of extremely atropliic hyaline muscle 
fibers surrounded by mononuclear cells. Pig 
8-04 was found to have extreme atrophy with 
hyalinization of the muscle fibers so that virtually 
no transverse striations could be found. Whether 
due to the decrease in muscle tissue or to a true 
proliferation of sarcolemma nuclei, the tissue was 
very cellular. 

There were no lens changes in pig 8-03. Ani- 
mal 8-04 developed in the lens of the right eye 


peripheral cortical opacities above and tempo- 
rally, as well as lens fiber dissociation and one 
group of vacuoles nasally. In the lens of the left 
ej'e, there was 1 group of vacuoles in the periph- 
eral cortex nasally and there were 2 patches of 
opacities temporally and above. These were 
possibly also in part vacuolized. In pig 8-05, 
when the experiment had been in progress 37 
days and the serum proteins were 4.19 grams per 
cent, very marked cortical lens fiber dissociation 
was noted in both eyes and a small number of 
groups of vacuoles were visible near the equator. 
As the deficiency progressed, the lens fiber dis- 
sociation became more pronounced and after an- 
other 23 days both lenses showed advanced pos- 
terior capsular cataracts, particularly around and 
at the posterior pole. Sixteen days later there 
was a verj' outspoken posterior rosette-type 
opacity in each eye and a streaky appearance 
throughout the lenses. The changes in the riglit 
ej'e were more pronounced than in the left eye. 

Groups V and VI — "Pyridoxiuc-Dcficioit” and 
"Normal Controls” 

Group V consisted of 3 animals fed the stand- 
ard diet containing 26 per cent casein but with 
pjTidoxine omitted from the vitamin supplements. 
These animals have been considered elsewhere 
(9) and the data are presented here only for 
comparison. By the 66th day of the deficiency, 
these animals had developed microcytic anemia 
and manifested epileptiform convulsions from 
time to time. The urinary test for xanthurenic 
acid was positive. Serum iron levels were 
greatly elevated but there was no reduction in 
total serum protein and no evidence of edfema. 


PLATE I 


Fig. 2. Muscle from Tongue of Pig (7-98) Fed 
Acid Hydrolysed Casein. 

Note normal muscle fiber and hyaline necrotic ones. 
The latter are infiltrated by leukocytes, mostly mono- 
nuclears. There are also occasional giant cells. Areas 


Fig. 4. Pig (7-98) Fed Acid Hydrolysed Casein. 
There is no hyperplasia. (The dark areas between 
the fat cells contain no marrow cells.) 

Fig. S. Pronounced Hyperplasia in the Marrow 
OF A Pig (7-82) Fed a Diet Deficient in Pyridoxine. 


Fig. 3. Marked Edema in a Pig (8-04) Fed Zein 
in the Place of Casein as a Source of Protein. 

Note especially the edema in the neck and about the 
penis. The total serum proteins at this time were 2.63 
grams per cent (normal over 6.00 grams). 

Custer Stain, X 100 

Fig. 6. Pig 8-05 Fed Zein and Also No Pyridoxine 
Until 8 Days Preceding Autopsy When 200 Micro- 
grams Were Given Daily by Vein. 

There is very minimal hyperplasia, as would be ex- 
pected following treatment with pyridoxine. 


such as these were focal and diffuse. 

Figures 4, 5, and 6. Bone Marrow. 
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TAIII.K II! 


Summary of clinical and pniholagical studira 


Group 

1 

n 

HI 

IV 


V 


VI 

Protein, type 

Acid hydrolyrcd 

Casein 

Acid hydro- 


Zein 



Casein 


Ca”ein 


! cnpc\n 



lyred 

cn^cin 








Protein, per ceiU 

IS 1 

1 IS 

1 2f.i 

261 

1 

s 


18 



26 


2(t 

Vitamin .supplement 

i Complete 


Com- 

Pyridoxine 

Py 

ridoxine omitted 

pyridoxine omitted 

Caui’ 




plete 

omitted ! 







pirto 

Animal number 

1 7-08 

7-00 1 

7-0.>i 

7-O.t 

8-01 

8-02 i 

8-0.? 

8-01 

8-0.? 

7-80 

7-82 

7-81 

-•VvcrnRC daily food intake, iiiiUs- 

1 0.7 

O.fi 

0.6 

0.6 

0.6 

0.6 

0.0 

0.8 

0.9 

0.0 

0.0 

1.0 

1.0 

Total wciRlit Rain or loss, kgm. 

+ 1.3 

+0..8 1 

-2.1 

+6.7 

-0.1 

-0.6 

+ 1.0 

+1.2 

+0.0 

+ 10.6 

+ 1,?.! 

■H.O 

+ 12.0 

.•\taxia 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

4. 

4“ 

0 

Convulsions 

0 

0 

0 

0 1 

0 

0 

0 

0 

0 

4* 

4- ^ 

4. .1. 1 

0 

Edema 

+ + 

+ 

+ 

0 1 

+ + 

+ + 

+ + 

+ + + +: 

4* 4* 4- 4* 

() 

0 

0 

0 

Bone marrotv, hyperplasia * 

t) 

0 

0 

+ 1 

^ 1 

+ 


^ 4 

0* 

+ 

4* 

+ 

0 

Hemosiderosis liver 

<» 

0 

0 

0 

0 

4" 

0 

+ 

0 

0 

0 

0 

0 

Spleen, pulp 

0 

0 

0 

0 

+ 

++ 

0 

+ + 

+ + 

4* 4" 4“ 

+ + + 


0 

trabeculae 

0 

n 

0 

0 

{) 

0 

0 

0 

i 0 

4. 4. 

+ + 

0 

0 

Bone marrow 

0 

0 

{) 


0 

0 



; 0 

0 

0 

0 

0 

Fatty liver 

0 



0 

0 

0 

-t* ' 

i + + ' 

0 

+ 

++ 

0 

0 

CNS deRencration 

0 ! 

0 



0 

0 

0 

0 

0 

4- 4- 4-5 

+++> 

+‘ 

0 

Muscle deRencration 

*4“ 4* + +' 

+ + 

•f 

0 

++ 

+ + 

4“ 

+ + + 

+ 

0« 

0« 

0« 

0 

I-cns opacities 

+ 

+ 

0 

0 

0 

i 

0 

0 

+ 

+ 

0 

0 

0 

0 


* Plus cystine 0.07 Rrams per k^m. per clay. 

= One “unit" is an amount of the dietary mixture furnisliintr 152 calorics per kRin. body weight daily. 

’ Under Bone Marrow Hyperplasia, + indicates “moderate," ± "slight,” 0 “none," and 0 "hypoplastic.” 

■* Pigs 8-03, 8-04, and 8-05 were given intravenously 200 micrograms pyridoxine per kgm. body weight daily during 
their 7, 3, and 8 last days, respectively. 

^ The degenerative changes in the nervous systems of those animals were found only in the peripheral nerves. 

® Muscle tissue was not examined in these animals but in numerous other pyridoxine-deficient pigs which have been 
examined no degeneration has been encountered. 

^ This was periportal rather than central, as occurs in pigs deficient only in pyridoxine. 


There was no terminal leukopenia, ^^^ 1 cn these 
animals were sacriftcecl. no edema could be dem- 
onstrated at autopsy. There was hyperplasia of 
the bone marrow (Figure 5), hcmosiderosi.s of 
the spleen, the livers showed central fatty infiltra- 
tion, and there were demonstrable changes in the 
central nervous system. No cataracts were ob- 
served in these pigs. 

Group VI consisted of a large number of con- 
trol animals receiving the standard diet contain- 
ing 26 per cent casein, and fed a complete supple- 
ment of the 8 “B” vitamins listed under Material 
and Methods. Average findings are shown in 
Table I. In such animals, we have found no re- 
duction in hemoglobin or serum proteins. At 
autopsy, the edema and muscle necrosis, the mal- 
nutrition, the bone marrow hyperplasia, and the 
hemosiderosis described in groups I, III, IV and 
V, were not encountered. 

DISCUSSION 

Circumstances have made it impossible to ex- 
tend these studies to a larger series of animals 
and to include the various experimental groups 
which would be desirable in a complete experi- 
ment. Nevertheless, it seems clear from these 
data that in swine, the feeding of a diet composed 
of acid hydrolyzed casein instead of the natural 


])roduct, but presumably adequate in other re- 
spects. is associated with the development of 
marked hypoprotcincmia and anemia. This oc- 
curred even when the h}-drolyzed casein was fed 
at a 26 per cent level rather than 15 per cent. 
The anemia was normocytic or slightly microcytic 
but the concentration of hemoglobin in the red 
corpuscles remained unchanged. The hypopro- 
teinemia, which was due more to a reduction of 
albumin than of globulin, was associated with the 
development of edema. At the same time, there 
were failure to gain weight, focal atrophy and 
necrosis of muscles, and cataracts in the lenses of 
the eyes. 

The pigs fed 18 per cent zein in the place of 
acid hydrolyzed casein were also given no pyri- 
doxine, but comparison with pyridoxine-deficient 
animals fed natural casein suggests that the 
changes associated with the feeding of a zein diet 
are similar to those associated with the feeding 
of acid hydrolyzed casein. In fact the hypopro- 
teinemia and edema were even more pronounced." 

® This greater degree of hypoprotcinemia rnay have 
been due to the effect of lysine deficiency in addition to 
tryptophane deficiency. Lysine deficiency has been 
shown recently to be associated with the development 
of hypoprotcinemia (Harris, H. A., Neuberger, A., and 
Sanger, F., Biochem. J., 1944, 37, 508). 
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The most striking difference between the findings 
in the pigs fed acid hydrolyzed casein and in 
those fed zein was the development of leukopenia 
terminally in the former. 

The presence of lens changes in pigs receiving 
a diet furnishing acid hydrolyzed casein or zein 
instead of natural casein, confirms the findings of 
others (15 to 18). Certain investigators (17, 
18) reported that rats maintained on a diet de- 
ficient in tryptophane (acid hydrolyzed casein) 
developed cataractous changes. These changes 
could be prevented by supplementing the diet with 
tryptophane. Also described (17) were cata- 
ractous changes in rats maintained on a diet of 
zein. These changes were not influenced by the 
concurrent lysine deficiency but could be pre- 
vented by feeding tryptophane. 

The fact that similar changes took place in our 
animals when they were maintained on acid h}'- 
drolyzed casein or on zein, suggests that these 
effects were due to a lack of tryptophane rather 
than to lysine which zein lacks in addition to 
being deficient in trj'ptophane. We can offer no 
direct proof of this as sufficient tryptophane was 
not available to determine whether such a supple- 
ment to the diet w’ould completely restore the 
animals to normal. That the changes were not 
due to inanition is indicated by the fact that ani- 
mal 7-03 was fed the same quantity of a complete 
diet as 7-05 consumed of the deficient one. Pig 
7-03 nevertheless failed to develop either anemia 
or hypoproteinemia. 

That a disturbance in tryptophane metabolism 
occurs in pyridoxine deficiency is indicated by the 
fact tiiat pyridoxine-deficient swine e.xcrete 
xanthurenic acid, “kj-nurenine,” and at least one 
otlicr indole derivative in abnormal quantities (9. 
10). Since either a lack of tryptophane or of 
pyridoxine leads to tlie development of anemia, 
the question arises whether pyrido.xine anemia 
might indirectly be due to a lack of properly mc- 
talwlized tiyptophane. If such were true, the 2 
anemias should be similar. 

The 2 Uqrcs of anemia, however, are very dif- 
ferent from one another. The anemia of pvri- 
doxinc deficiency is microcytic and slightly h\-po- 
chrcmic and is accompanicrl by an elemted scrum 
tron, Inqreridastic hone marrow, and hemosidero- 
sis o! the spleen, liver, and hone marrow. The 
anemia .associatcsl with the feeding of acid hvdro- 


lysed casein and presumably due to tryptophane 
deficiency is essentially normocytic and normo- 
chromic, the bone marrow appears to be hypo- or 
normo-plastic, the serum iron level is normal and 
there is tio hemosiderosis of the tissues. Fur- 
thermore, the 2 deficiendes are quite different 
clinically. “Trjyitophane” defidenc)' causes ces- 
sation of growth and is accompanied by marked 
hypoproteinemia and edema. Pyridoxine defi- 
ciency causes only limitation of growth and the 
quality and quantity of the serum proteins are 
unaffected. 

It is of interest to speculate in what manner 
tryptophane, pyridoxine, and iron are utilized in 
blood formation. A simple explanation of the 
role of these substances is that union of trj’pto- 
phane, iron, and other factors (X) takes place 
(T + Fe + X— > RBC), with pyridoxine acting 
as an essential component of an enzyme system 
promoting this reaction. When T is lacking, Fe 
is still bound to X, the enzyme being present, and 
no ferremia occurs. Anemia develops, however, 
because T is lacking. When Fe is lacking, T is 
still bound to X, since the enzyme is present. No 
ferremia occurs and products of tiyptophane me- 
tabolism are not excreted although anemia occurs 
owing to iron deficiency. We have found (9) 
these to be the actual facts in pigs fed iron-poor 
diets. On the other hand, when the theoretical 
enzyme system involving pyridoxine is lacking, 
no union of the building stones takes place. As 
a result, ferremia occurs and substances derived 
from trj-ptophane are lost in the urine. If this 
hypothesis is correct, it should be c.xpccted that 
feeding trj-ptophane to pyridoxine-deficient ani- 
mals will result in increased e.xcrction of xanthu- 
renic acid. This has actually been found to he 
the case (8, 9). It may he that other substances, 
derived from X, are also c.xcrctcd. The thcoy 
presupposes that total body iron is norma! in 
pyridoxine deficiency, whicli the olivious Iicmo- 
siderosis would appear to deny. In current e.’:- 
pcrinicnts. attempts are Ix'ing made to study t!:iv 
question. 

It is interesting tliat. alth.ougii t;;e deiyce o; 
anemia is murii the same, tiie mr.rrir.v in 

pyridoxine dcficicny is !;%-]'erjj!a‘t:r •.'.i'-er'-a*. 
marrow of tlie pig.' maintai.ned f-n arid !;•. drfdv- 
satc of ca-ein ■.va<; normo- c.r J;\7^>p!r,'tir. 11-'- 

factors go-.-c.-ming t':c cr.’itdariiy < f t'.- h.r.- rr'Ar- 
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row are unknown. Certainly anemia per sc is not 
the only governing factor. It is recognized that 
anemia occurs in the presence of hyperplastic, 
normoplastic, or hypoplastic marrow. 

Our results, although very limited, suggest that 
the development of pyridoxine deficiency may be 
retarded when the tryptophane intake is de- 
creased. The pyridoxine-deficient animals fed 
casein acid hydrolysate and those given zein failed 
to develop certain signs of pyridoxine deficiency 
in 46 to 90 days, namely: pronounced micro- 
cytosis, elevated serum iron, epileptiform convul- 
sions, and ataxia. Histologic evidence of changes 
in the nervous system was also lacking. Hemo- 
siderosis was not as marked as might have been 
expected in pyridoxine deficiency of this duration. 
Pyridoxine-deficient pigs, started on experiment 
at a similar age and fed 26 per cent casein, have 
shown these changes in 4 to 10 weeks (14). 
These results are in harmony with those of others 
(19) who studied pyridoxine deficiency in rats 
fed diets containing 15, 30, and 45 per cent casein. 
They found that at the low level of protein intake, 
little dermatitis developed in 70 days, while, at 
the intermediate level, rats developed dermatitis 
after 30 da)'s. At a protein level of 45 per cent 
casein, severe dermatitis developed in 26 days and 
was followed shortly by death. Apparently, high 
protein intake in rats seemed to increase the sever- 
ity of the nutritional disorder due to inadequate 
intake of pyridoxine. Further studies by these 
investigators (20) revealed that tryptophane de- 
layed the onset of symptoms and prolonged the life 
of the animals, whereas cystine aggravated them. 

Whether tryptophane 'is ever the limiting fac- 
tor in the formation of hemoglobin in humans is 
not known. 

The changes observed in the muscles of the ani- 
mals fed acid casein hydrolysate or zein in the 
place of casein, will require much further study. 
In one pig, there were extensive lesions in which 
there were atrophy and absence of fibers. Such 
areas contained very cellular tissue which prob- 
ably arose from sarcolemma cells. In all the ani- 
mals, the muscle fibers were extremely atrophic. 
The fibers in some were hyaline. 

, SUMMARY 

1. Swine maintained on a synthetic diet, in 
which the protein was supplied in the form of an 


acid hydrolysate of casein or by feeding zein, 
failed to grow and developed normocytic, or 
slightly microcytic, normochromic anemia which 
was accompanied by a normal scrum iron level, 
hypo- or normo-plastic bone marrow, and marked 
hypoproteinemia and edema. 

2. Lenticular opacities developed in 2 out of 3 
animals maintained on acid hydrolysed casein and 
in 2 of 3 pigs maintained on zein. 

3. It is thought most likely that these changes 
were caused by a deficiency of tryptophane. 

4. Although faulty tiy’ptophane metabolism oc- 
curs in pyridoxine deficiency, comparison be- 
tween “tiy'ptophanc” and pyridoxine anemia re- 
veals marked differences, A hj'pothesis is offered 
to explain the role of tiyptophane and pyridoxine 
in hematopoiesis. 

5. The data presented suggest that a low in- 
take of tiyqjtophane retards the course and dimin- 
ishes the severity of the nutritional disorder due 
to pyridoxine deficiency in swine. 
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Sudden failure of an occasional patient af- 
flicted with Addison-Biermer’s disease (Addi- 
sonian pernicious anemia) to respond to adequate 
amounts of purified liver extracts in the absence 
of factors known to interfere with a therapeutic 
response has been observed by us during the past 
few years in the Minneapolis General Hospital. 
The occurrence of a refractory state for no appa- 
rent reasons has also been noted by others (1 to 
4). Because little is known about the chemical 
nature of the liver factor (anti-pernicious anemia 
factor) or the physiologic dose, including the de- 
velopment of a progressive anemic state under 
adequate amounts of purified liver extracts, we 
felt justified in publishing ■ an observation which 
we believe may indicate one of the mechanisms 
responsible for a sudden refractor)^ behavior of 
certain patients. We could demonstrate in a 
male afflicted with Addisonian pernicious anemia 


c. mm. under crude liver c.xtract therapy, gradually 
dropped within 3 months to a level ranging l>ctwccn 3.5 
and 4.0 mill, per c. mm. on 20 to 45 U.S.P. units per 
month. The patient then developed an increasing sensi- 
tivity to purified liver extracts and all attempts to de- 
sensitize him by means of procedures recommended in 
the literature met with failure (5, 6), At this time also, 
the crude extract, as well as oral liver c.xtract, produced 
the same allergic symptoms as did the purified liver 
extracts. The development of a progressive jaundice, 
several days after the administration of 3 ml. of a puri- 
fied liver extract, given by error, led to his transfer 
from our dispensarj- to the hospital for a general 
work-up. 

This 61-ycar-old white male, who was hospitalized twice 
before because of classical Addisonian pernicious anemia 
in severe relapse responding characteristically to purified 
liver extracts, entered the hospital this time with the 
complaint of itching, nausea, vomiting, and jaundice for 
2 days following the intramuscular injection of 30 U.S.P. 
units. On the fifth day, he noted dull aching pain in 
the right upper quadrant. He passed dark brown urine 
and light colored stools, and the icterus of the skin bc- 


that fatty liver and fatty metamorphosis of the 
bone niarrow organ were apparently factors in the 
development of a progressive anemic state. 

Without further administration of liver extract, 
the progressive anemic state was brought into 
remission by means of the administration of a 5 
per cent solution of choline chloride (Merck), 20 
ml. intravenously for 16 successive days. The 
doses were given at a rate of 1 ml. per minute. 
The first dose .caused flushing and some nausea 
after 10 ml. were administered. No significant 
drop in blood pressure was observed. The suc- 
cessive doses were well tolerated. 


CASE HISTORY 

The patient, a male, who for several years responded 
in a characteristic manner to the administration of liver 
extracts intramuscularly and maintained a normal pe- 
ripheral blood status on 3 ml.' monthly of fairly crude 
liver extracts containing about Vs to 2 U.S.P. units per 
ml., developed a progressive anemic state when purified 
liver extracts were substituted containing about 10 and 

15 U.S.P. units per ml. The ^ 

quantity, formerly ranging between 5 and 5.6 mill, per 


came progressively deeper. Physical examination re- 
vealed a marked hypertension (B.P. 220/150) and a 
markedly yellow skin and sclera. The liver extending 
about 6 cm. below the costal margin was smooth with 
a sharp edge and non-tender. There were no other essen- 
tial findings. Routine laboratory findings were as fol- 
lows: hemoglobin 13.5 grams (Newcomer) =85 per cent, 
erythrocytes 3,870,000 ; color index 1 -f ; white blood 
cells 5100; reticulocytes 0.5 per cent. The peripheral 
blood showed neutrophiles 46 per cent; lymphocytes 39 
per cent; monocytes 11 per cent; cosinophiles 3 per 
cent; basophiles 1 per cent. A few megalocytes and a 
small number of poikilocytes were observed. Thrombo- 
cytes numbered 140,000 per c. mm. The mean corpus- 
cular diameter (Halometer) was 8.6 microns. Icteric 
index was 105. The Van den Bergh test, direct and 
indirect, was positive. Prothrombin time for the pa- 
tient was 40 seconds, for the control, 24 seconds. Was- 
sermann, Kahn, and Rytz tests were negative. Plasma 
proteins were; total 8.56; albumin 5.0; globulin 3.01; 
and fibrinogen 0.55 grams per cent. Urine showed a 
specific gravity of 1.021, albumin 1 -h, erythrocytes 4 to 
5, leukocytes 1 to 2 per high-powered field, and numerous 
cases. Roentgenologic examinations of the gastro-in- 
testinal tract were negative. Lipemia of the plasma could 
not be demonstrated. 

Needle liver biopsy was performed and several speci- 


iParkelDavis Fellow in Clinical Hematology. 


mens from various areas were obtained. The histologic 
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diagnosis was acute catarrhal jaundice and moderate 
severe fatty liver. (Figure 1-B). Simultaneously with 
the liver biopsy, sternal marrow was aspirated from the 
proximal end of the body of the sternum at the level 
of the second interspace and worked up by one of us 
(E. M. S.), according to methods published elsewhere 
(7, 8). The smear preparations made from the aspirated 
marrow tissue showed that the marrow organ was mod- 
erately severely megaloblastic, indicating that a defi- 
ciency of the anti-pernicious anemia factor existed. The 
gross marrow units (marrow particles) were numerous, 
varied in size, and ranged between 1 and 4 mm. (normal 
0.5 to 1 mm.), suggesting that the marrow organ was 


either hypertrophic or the individual units contained an 
excess amount of fat The heparinized marrow specimen 
was transferred into a Wintrobe hematocrit tube and 
centrifuged at 1500 R.P.if. per minute for 5 minutes. 
The following layers were obtained from the top of 
the tube down: fat 10; plasma 30: nucleated cells or im- 
mature myeloid and erythroid cells (M-E) 17; mature 
eiythrocj'tes derived from ruptured sinusoidal-blood vas- 
cular systems (Er.) 48 volumes per cent.- The micro- 
- The normal range of the sternal volume percentage 
of the adult male as determined bj' one of us (E. M. S.) 
is believed to be : fat 0.5 to 3.0 : plasma 39 to 48.5 ; M-E 
4 to 6; Er. 45 to 54. 
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scopic marrow units (linnnded l)y 25 sf|iiarcs of tlic 
\\'!iipple ocular micrometer wlien the follnwintr oi)tical 
system is used, cyeinece 10 X and oi)jective 10 X. sliowed 
conspicuous fatty metamoriihosis and a mrxierately severe 
hypoplasia of the hematopoietic tissue. The nnmher fif 
fat spaces ranged hetween 45 and 60 per 25 squares. 

Figure I-A sliows an average microscopic unit witli 
fatty mctamor])hosis and liypoplasia. (.leiierally tlie micro- 
scopic marrow units in uncomplicated cases are hyper- 
plastic and show none to a few fat stiaees. On the basis 
of the fatty liver and marked increase of the fat in the 
marrow organ, both macroscopic and microscopic, one 
of us (F. M. S.) advanced the hypothesis that the fatty 
state was the factor responsible for the development of 
the progressive anemic state in our patient and that the 
fatty state may have resulted from a choline insuniciency. 
The choice of choline and dosage for reducing the fat 
deposit in the liver and hone marrow organ were influ- 
enced by several factors. First, by the observations of 
others (9 to 14) that choline is a lipotropic substance 
important in the mechanism of fat transportation and 
deposition. Second, on the data accumulatefl by one of 
us (E. M. S.) on the lipotroi)ic effect of daily intra- 
venous injection of 10 ml. of a 1 per cent choline chloride 
solution (Merck) over a period of from 5 to 10 days on 
the fat volume percentage of the sternal part of the adult 
human bone marrow organ of cases with cirrhosis of the 
liver (confirmed by needle biopsy) and carcinoma of 
the stomach, with and without mctastascs to the bone 
marrow. These data showed that a 1 per cent solution 
reduced excess marrow fat to a normal volume percent- 
age within a few days without causing alarming symp- 
toms. No appreciable changes of the peripheral blood 
status were observed. And third, the daily dosages were 
determined on the basis of work done by one of us 
(F. B. M.) relating to the effect of choline chloride on 
the blood pressure of patients with essential hypertension. 

Figure 3 shows the peripheral blood status before, dur- 
ing, and after choline chloride therapy and the fat volume 
percentage of the bone marrow organ before and at the 
time therapy was discontinued. As can be easily seen, 
there was no appreciable change of the peripheral blood 
status during a 12-day pre-treatment period. Adminis- 
tration of choline chloride (Merck) was followed by an 
increase of reticulocytes reaching a peak of 5.5 per cent 
on the third day. The obtained reticulocyte peak is gen- 
erally expected for a red cell quantity about 3.0 mill, per 
c.mm. Simultaneously, the anemic state improved and 
the icteric index began to decrease. On the sixteenth 
day the peripheral blood status was well within the 
normal range and choline therapy was discontinued. 
The icteric index at this time was 26 units. Marrow 


3 If the recommended optical combination setup cannot 
be made, one may determine the normal microscopic 
marrow unit with any eyepiece and low power object 
available. Serial sections of an average normal gross 
Lrrow unit are moved under the Whipple micrometer 
and the number of squares noted that form the boundary 
of the maximum section. 


was aspirated from the distal end of the body of the 
.stertium at the level of the .seron<! inter.sjiace. Tiie. ob- 
tained Mierimen was worked up in the same manner as 
the first specimen. The gros.s marrow units were in 
.size and number within the normal range, 'f'he hemato- 
crit showed the variou.s layers within the normal limits: 
fat 1; jilasma 41: 3f-E 6; Er. 52 vohime.s per cent. 
The mirroseaipic marrow units showd a remarkable ad- 
jn.siment toward normality aiul the fat .sjiace.s ranged 
between 20 to 35 [)er 25 W'hipiile ocular micrometer 
square.s (Fig. 2~.^). 

W'e were not afile to get simnitaneoii.s information on 
tbe .statii.s of tlie liver when clioline therapy was di>- 
eontiiuied liecaii.se the jiaticnt refused to sulimit to an- 
other liver hiop.sy. We realize that the lack of tin's in- 
formation weakens any concliision.s we wish to <lraw with 
re.sjiect to the effect of clioline on the liver fat; we 
neverthclc.ss believe that a favorable action on the fat 
<lei)osit bad occurred iiecause from tbe bi.stologic iioint 
of view the liver wa.s (iraetiraliy normal when the patient 
exfiired some months later from pneumonia (Figure 

2-in. 

DISCFSSIO.V 

For as j’ct unknown reasons, man may develop 
a spontaneons choline deficiency resulting’ in the 
production of a fatty liver and bone mar-ow 
organ. In certain itulividuals afflicted .dh 
Addison-Bienner’s disease (Addisonian perni- 
cious anemia), a progressive atieniic state may 
develop as a sequel of the fatty metamorphosis. 
The latter state may well be enhanced by purified 
liver extracts because tliey contain tio choline or 
amounts too small to be effective witli respect to 
fat transportation and deposition. One author 
believes that the body stores of choline cannot be 
utilized to prevent development of a choline defi- 
ciency. This is of interest because our patient 
consumed 3 balanced meals a da)' and seemingl)- 
failed to utilize choline considered (13) to be a 
structural constituent of foods. 

While we had no direct evidence of choline defi- 
ciency, it appeared to be most like!)' that the sub- 
stance was deficient because of the conspicuous 
fatty liver and fatty bone marrow organ. Tlie 
dramatic response of the anemic state and adjust- 
ment of the mean corpuscular diameter of the 
eiythrocytes to clioline therapy without supple- 
mentary aiitianemic substances would indicate 
that an adequate amount of heinatopoietin was 
stored, although not elaborated by the fatty liver 
in sufficient amounts to prevent a deficiency state 
of the substance. Further, it is likely that fat 
deposition above a certain volume percentage in 
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the marrow organ may cause a disturbance in the 
utilization of the hematogenic substance should 
some be elaborated by the liver. While we were 
able to obtain data on tbe status of the bone 
marrow organ before and after cboline therapy 
and on the liver before the administration of the 
lipotropic factor, we failed to get the cooperation 
of the patient for anotlier liver biopsy when cho- 
line therapy was discontinued. As already men- 
tioned elsewhere in this paper, the liver was found 
macroscopically and microscopically normal when 
the patient expired some months later from pneu- 
monia. With the c.xccption of the first dose, no 
ill effects nor any change of tbe blood pressure 
was obscn’cd during the administration of choline 
over the treatment period. Because of our in- 
ability to desensitire the patient to liver extracts. 
rc.Tdministration of crude liver extracts could not 
l*c carried out. He was placed on Vcntriculin 


after the thirty’-fourth day of observation. W'^e 
could show in a clear-cut manner that an adequate 
amount of hematopoietin was stored in the liver 
and that the administration of choline in some way 
expedited the elaboration of tbe substance, bring- 
ing about a remission of the anemic state. The 
response to choline was in every respect com- 
patible with that induced by potent liver extracts. 
Whether this type of therapy is effective in cases 
other than those afflicted with .Addison-BiennerV 
disease (Addisonian pernicious anemia) mu':! 
await further investigation. Wc sec no ren*on 
why choline should not lie supplemented when 
purified liver extracts are used, especially when 
a progressive anemic state develops and fatty 
mclamorpl’.osis cf tb.e liver and lyne ini'ro-.v 
organ appears to l>e tr.c complicating fartor. 

ir.c r.rfn*!C oti v 

is not in accord v.dtii tl’.e e V'trvrition rf rr-.t 
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worker (15) who gave choline hyclrochloridc to 
dogs made polycythemic and noted a depressing 
action of the substance on the crythropoicsis. It 
is worthwhile to note that others (1) employed 
blood transfusions to overcome the refractory 
anemic state. 

SUMMARY 

1. Report is made of a ease afflicted with 
Addison-Bienner’s disease (Addisonian perni- 
cious anemia) who developed a progressive 
anemic slate under adequate amounts of purified 
liver extracts. 

2. The anemic state responded well to choline 
chloride (Merck), 5 per cent solution, 20 ml. 
intravenously for 16 days. 

3. Biopsied liver and bone marrow tissue 
showed marked fatt}' metamorphosis of both or- 
gans. This fatty state was believed to have been 
the reason for the failure of the patient to main- 
tain a normal blood status. 

4. The fact that a remission of the anemic state, 
reduction of the mean corpuscular diameter of the 
erythrocytes, and return of the bone marrow 
organ toward a normal histolog)' and volumetry 
occurred on choline therapy only seems to indicate 
that an adequate amount of hematopoietin (anti- 
pernicious anemia factor) was stored in the liver 
but not effectively elaborated because of the fatty 
state. 

5. It is assumed that purified liver extracts 
contain either no choline or amounts too small to 
be effective with respect to fat transportation and 
deposition in certain individuals. 

6. The amount of choline and the number of 
days of administration essential for the re- 
establishment of a physiologic state of the liver 
and bone marrow organ and elaboration of the 
bematopoietin in man await further investigation. 

7. It is suggested that choline chloride (Merck) 
or substances containing choline may be supple- 
mented when fatty metamorphosis of liver or bone 
marrow organ or both are present, particularly 
when a progressive anemia develops under ade- 


quate purified liver c.xtract therapy in the .absence 
of factors known to interfere with a therapeutic 
response. 

Wc wish to thank Dr. G. E. Fahr, Ilcati of tfic De- 
partment of Internal Medicine, for his interest in the 
problem and for the permission to publish this case. 
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The results of earlier studies of the fate of hem- 
atin in the animal organism have been contradic- 
tory (1). Some have found that hematin, as 
well as hemoglobin, was converted quantitatively 
into bilirubin in bile fistula dogs (2). Partly as 
a result of this work and possibly also because of 
the ease with which hemoglobin is converted to 
hematin in vitro, it became rather generally ac- 
cepted that hematin was intermediate in tlie path- 
way from hemoglobin to bilirubin. The studies 
of others (3 to 7) have indicated, however, that 
the transition is over a “green” hemoglobin, or 
biliverdin-iron-globin, rather than over hematin. 

. Thus the present question is not so much whether 
hematin is a normal precursor of bilirubin, but 
whether, once formed under abnormal conditions, 
it is capable of conversion to bilirubin in vivo. 
This question is of considerable fundamental sig- 
nificance because of the presence of hematin in the 
circulating blood in a variety of pathological states 
such as gas bacillus sepsis, pernicious anemia, he- 
patic disease (8, 9), severe malaria, and black- 
water fever (8, 10). As Fairley (10) has shown, 
hematin in the circulating blood is bound to the 
serum albumin, a compound which he has desig- 
nated as “methemalbumen.” The fate of hematin 
is also of considerable interest because of its prob- 
able identity with the so called “malarial pigment” 
( 11 ). 

Certain investigators in recent years have dis- 
sented from the view that hematin is converted 
to bile pigment. Bingold (12) and Duesberg 
(9), in particular, have designated hematin as a 
“blind alley” in hemoglobin metabolism. The 
literature pertaining to this question %%-as reviewed 
in 1938 (1) so that this need not be given in more 

' Aidnl by a Rrant from tbc Mediwl Rc.'-carch Fund. 
Gradii.itc Seboo!. University of }dinncfot.a. 

• Dr. Pa^s was killal in an automobile accident in 
1939. .\t tint tim.e. be lud complctrl inveitifmtions 
which were to have I'cen ctm'.pilt'I a*, a the'is for t!ie 
Pli.D. decree in btnbci’ir. Tim j rc'cnt rc;«-,et includes 
a part of tiioe ttudiev. 


detail at present. It is desirable, however, to 
refer in some detail to Duesberg’s studies (9) 
since these have provided the most concrete ex- 
perimental data favoring Bingold’s concept. 
Duesberg (9a) found that hemoglobin was 
promptly converted to bilirubin when injected 
either into the circulating blood or into ascitic 
fluid within the peritoneal cavity. On the con- 
trary, no evidence of conversion of hematin to 
bilirubin was noted under like conditions. To 
anticipate the criticism that the injected hematin 
might have been converted to bilirubin, and then 
at once excreted by the liver, Duesberg used sub- 
jects with complete biliary obstruction, reasoning 
that if there were conversion in such individuals 
the bilirubin level should increase. Actually, in- 
creases were noted after hemoglobin injection, 
but not after hematin. In other e.xperiments in 
non-jaundiced individuals, Duesberg did not find 
any increase of bilirubin in the bile following in- 
travenous injections of hematin. Obviously, it 
was not possible to obtain data over long periods 
of time nor to control the' factor of rarying dilu- 
tion of the bile in these studies. The detennina- 
tion of urobilinogen e.\cretion in the feces would 
have been preferable, but this was not followed. 
So far as can be detennined, Gitter and Heil- 
mej'er (13) are the only investigators who in- 
jected hemoglobin and hematin and then deter- 
mined the amount of urobilinogen in the feces. 
Gitter and Heilmeyer found that hemoglobin in- 
jection was regularly followed by increased uro- 
bilinogen excretion, quite in accord with previous 
obscr\-3tions. Their data for the I’.ematin ex'jiCri- 
ments. however, were inconclusive. For the nr*‘t 
part, a definite increase of uroliilinogen was no: 
observed. 

It nmy f>c noted tb.a: Dued-erg and Hr.grn’v:’; 
(14) ob>ervct] the apjitamncc <■: lure;:-:’ irt t;.'- 
plasma after intraver.' ’.:? injt-ctif-u <'•; hrrr.'yl ’ 'n 
in sunjeas with liver di-er. e. e‘;»:'.-:'."y ■--•.err cir- 
rhosis. of tl'.e liver. Ti.ev Tr;"n!': 1 tbi , in. iz:’.. 
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as a means of testing liver function, since hematin 
did not appear in the normal subjects receiving 
hemoglobin intravenously. 

The purpose of the present investigation was 
to observe the serum bilirubin after injections of 
hemoglobin and hematin, in subjects without evi- 
dence of liver or biliary tract disease and in pa- 
tients with complete biliary obstruction, and to 
determine the urobilinogen excretion in the feces 
of the former group in order to ascertain whether 
hemoglobin and hematin injections are followed 
by equal increase or whether hemoglobin alone is 
converted to bile pigment. 

MATERIAL AND METHODS 

Crystalline licmin was prepared from washed human 
red blood cells according to a modification of Schalfc- 
jeff’s method (IS). "The crystals as obtained from gla- 
cial acetic acid were washed repeatedly with water and 
were recrystallized from pyridine chloroform (15). The 
solutions of hematin injected intravenously were pre- 
pared by dissolving the crystalline hemin in 10 ml. of 
5 per cent sodium carbonate which had just been brought 


to the boiling point. The solution was then diluted to 
SO ml. with sterile distilled water, making a concentra- 
tion of approximately 1 per cent carbonate. Tlic amount 
of hematin dissolved varied between 100 and 750 mgm. 
as noted in Figures 1 to 12. The oxyhemoglobin solu- 
tions which were used were prepared in each instance 
from the blood of the individual under investigation. 
The red blood cells were washed repeatedly with sterile 
physiological saline and were then laked with sterile 
distilled water. Under sterile conditions the hemolyzed 
blood was then centrifuged at .3000 R.P.^f. for one half 
hour after which the supernatant hemoglobin solution 
was carefully taken directly into a large sterile syringe 
from which it could be given intravenously. A small 
measured portion was removed for hemoglobin deter- 
mination, which was carried out with a Zeiss stufen- 
photometer, according to Hcilmcycr's method (16). 

Hematin was administered intravenously in 11 sub- 
jects. Four of these were normal individuals, 1 suf- 
fered from spontaneous hypoglycemia, and 1 from 
chronic glomerulonephritis (without uremia). Four had 
complete biliary obstruction due to cancer of the extra- 
hepatic biliary tract. One had a complete external bili- 
ary fistula as a result of a secondary operation for be- 
nign (postoperative) common duct stricture. In sepa- 
rate experiments, oxyhemoglobin was also administered 



Fig 1 Intravenous Injection of Hematin in a Normal Male Subject, 

W. Z., Age 24 

The increase of the feces urobilinogen roughly corresponds in amount with 
the injected hematin. The higher levels of serum bilirubin and the long per- 
sistence of hematin in the serum, after the injection, may be noted. 
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Fig. 2. Intravenous Injection of Hematin in a Normal Female Subject, 

E. S., Ace 21 

The increase of the feces urobilinogen, roughly corresponding in amount 
to the injected hematin may be noted, together with the higher levels of scrum 
bilirubin and long persistence of hematin in the serum. 


intravenously to 3 of these subjects, including the pa- 
tient with hypoglycemia, 1 of the normal individuals, 
and 1 of the cases of complete biliary obstruction. 

Bilirubin in scrum and urine was determined with the 
stufenphotometer by a modification (17) of the 
Jcndrassik-Czike technique (18). 

Hematin in the scrum was followed by means of 
conversion to hcmochromogcn, cfiectcd by addition of 
a few drops of ammonium sulphide, the characteristic 
hcmochromogcn .absorption band at 557 nv* being ob- 
served in a Zeiss grating spectrometer. No attempt was 
made to quantitate tlic hcmochromogcn absorption in 
these studies. The rcl.ativc intensity of the band was 
simply indicated as cither 0, trace, 1 +, 2 +, 3 +, or 4 4-. 
employing in each instance a test lube of tlic same 
diameter in which to inspect the absorption spectrum of 
the solution, in accordance with Schumm's method (8). 

Urobilinogen in the feces and urine was determined bv 
means of Watson’s modification (19) of Tenven's 
method (20). 

KF.SULTS 

Tlic results .arc shown in Fibres 1 to 12. in- 
clusive. 1 hey inch'c.aie nt le.ast partial conversion 
ct hcm.atin to hilc pipnent. The tlatn for the 
fcc.al nrohilinogcn c.xcrction following h.cmatin nd- 


ministration constitute the clearest evidence of 
conversion. The augmentation of the fecal uro- 
bilinogen after hematin injections was just as 
quantitative as after injection of comparable 
amounts of hemoglobin (in tenns of the pigment 
fraction). This is seen in Figures 1 to 5, inclu- 
sive. In at least 4 out of 5 c.xperimcnts (Figures 
1, 2, 4, 5), the excess of urobilinogen excreted 
corresponded roughly with the amount of hematin 
injected. In I of the 5 e.xperinicnts of thi.s group 
(Figure 3) the findings arc somcwliat more dif- 
ficult of intcqirctation. If the excess in this in- 
stance is calculated for the 4-d.ay pericFl .after 
hematin injection, as was done in the other 4 
experiments, then it amounts to h'.it rotiirhly 30 
per cent of the amount injectefi. The exce‘^ for 
the first 2 days, however, w.X'; .tligh.tly more t'r..an 
60 per cent of wh.at might h.avc l>cer! cX 7 >rctf"! if 
all the hematin were c.xcrct''d urri'j-'::r.f-;;'-n. 
Tiiis brings up anot;;cr qur tif'n. i.r., v.'r.rt’ cr .or. 
e.vcess of pigment injectr't int'., f.r •' ri;''--; in. 
an otherwise m'rm.a! individur.! rtr.v ‘(.e' 
to rcapjx-ar quantitatively r.‘ urs‘'>;lir, '.'rr,. T;,e 
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Fig 3 Intra\'enous In’Jection of Hematin in a Normal Male Sueject, 

S, S., Age 20 

The increase of the feces urobilinogen is from 30 to 60 per cent of the 
injected hematin, depending on the period for whicli tlie excess following in- 
jection is calculated. The levels of serum bilirubin arc distinctly higher than 
on the days preceding or after the injection. 


majority of the evidence on this point is in the 
affirmative (1, 21). While the calculation of ffie 
excess urobilinogen for a 4-day period, following 
hematin or hemoglobin injection, is perhaps open 
to question, the data shown in Figures 1 to 5, 
inclusive, leave no doubt that the hematin gave 
rise to considerable amounts of bile pigment, as 
represented by the increased urobilinogen excre- 
tion. The data for the serum bilirubin following 
hematin injections, as shown in Figures 1 to 
inclusive, and in Figure 6, is quite in accord with 
the belief that the hematin was converted to bili- 
rubin. Figure 6 is of particular interest in re- 
vealing the different manner in which hemoglobin 
is handled, as compared with hematin, injection 
of the former resulting in a prompt sharp rise and 
fall of the serum bilirubin, while after hematin e 

increase was much smaller but 

The observations in the patient with the to a 
external biliary fistula (Figure 7) are very diffi- 
cult of interpretation, principally because of the 
marked spontaneous fluctuation in bilirubin excre- 


tion in the bile. The principal criticism of this 
experiment is tliat the amounts of hematin in- 
jected were too small in the face of the fluctuant 
native bilirubin excretion just mentioned. The 
question arises as to whether any excess of bili- 
rubin, derived from hematin, continues to be ex- 
creted for longer than 24 hours. If the excess is 
calculated for the first 24 hours only, then it is 
seen that the first injection of 100 mgm. was fol- 
lowed by an excess of 87 mgm. After the second 
injection of 200 mgm., however, the excess was 
but 35 mgm., very much less than might have been 
expected. Another disturbing fact in this experi- 
ment was the high level of 212 mgm. noted several 
days later, quite spontaneously. Thus it is evi- 
dent that while the data in Figure 7 suggest some 
conversion of hematin to bilirubin, they are not 
conclusive. 

The studies of the serum bilirubin after injec- 
tion of hematin or hemoglobin, in jaundiced sub- 
jects, has provided somewhat conflicting data, as 
seen in Figures 8 to 12, inclusive. The evidence 
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Fig. 4. Intravenous Injection of Hematin in a 
28-year-old Female Subject, L. H., with Quiescent 
Cholecystitis and Cholelithiasas 
The e.xcess of the feces urobilinogen after the injection 
corresponds roughly with the amount injected. 

in these experiments for conversion of hematin to 
bilirubin in the circulating blood is not uniformly 
convincing. The most carefully conducted ex- 



periment of this group is shown in Figure 12, 
where it is seen that significant rises in serum 
bilirubin occurred after both hematin and hemo- 
globin, but again in 'somewhat more marked fash- 
ion after hemoglobin. Following each of these 
increases, a distinct augmentation in the urine 
bilirubin is observed. Whether this is significant 
cannot 'be determined with certainty, although tlie 
time sequence suggests that it is. An appreciable 
rise in serum bilirubin, following the hematin in- 
jection, is noted in Figures 8 and 11, but, in the 
former, the value is noted to be just as high on 
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Fig. 5. Intravenous Injection nr Hematin and or 
Oxviir.MOGLoniN, IN Sr-rARATT. Exrr.riME.NTs. in Male 
Patient, Acrji 60, HosrrrAi.izED Because or SroN- 

TANIOl'S HvrOGLYCT.MIA (AdENOMA OE IsL-ANES OF 
I-ANGEEIIANS) 

The exexAS of the feces urohilinoceo after the hematin 
injection is somewhat greater, and that after hemoqicibin 
is smaUer, than expecte-d. In spile of this, it is clear 
t!ut hile pigment was prisducei in 5».'lh instances. 
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S. J., Age 60. WITH Sros.-TANi-m-s Hvi-ro.t.vmfiA (Sstrr, 
Inpistpual as in Fig. £) 

Tlse sharp increa'cs cf tfse •oru-n ! -hn:’ "n after rcc-h 
injection of e'Tsinem-"'r!oV.n. as e-'m 7 are-! ss;t?' t'-r Fi'C-r 
arr! 1e»s ce— .sinri.-r rise in t"'- tnesr aftm 'jemitin. 
may Ic contra -ted. 
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Fig. 7. Intravenous Injections of Hematin in a 
Female Subject, M. L., Age 52, Having a Total Ex- 
ternal Biliary Fistula 

The hcaiT black line is the average for the entire pe- 
riod indicated. It is evident that the calculation of ex- 
cesses is somewhat arbitrary, also that the excess after 
200 mgm. was smaller than after 100 mgm. and that a 
marked spontaneous increase occurred a number of days 
later. The results here are regarded as of questionable 
significance. 


the next day when hematin was not given. In 
the latter experiment (Figure 11), the rise in 
serum bilirubin was not reproducible with a sec- 
ond hematin injection a week later, although it 
may be noted that on the first occasion the rise 
was observed only 2 hours after the injection 
while on the subsequent occasion the serum was 
not examined until 4 hours afterwards. A simi- 
lar criticism may be made of the other experi- 
ments of this group. No increase was observed in 
the experiment shown in Figure 9, again at 4-hour 
intervals after injection. In Figure 10, a distinct 
rise is seen, but not until 12 hours after the injec- 
tion, so that it is of questionable significance. 

DISCUSSION 

The marked augmentation of urobilinogen in 
the feces following hematin injection in non- 
jaundiced subjects leaves no doubt that the hem- 
atin was converted to bilirubin and thence, after 
excretion in the bile and reduction in the intes- 
tinal tract, to urobilinogen. The evidence for 
rapid conversion of hematin to bilirubin in the 
circulating blood is not as clear. Sharp rises in 
serum bilirubin were noted after hemoglobin in- 



Fig. 8. Intravenous Injection of Hematin in a 
Male Subject, Age 58, Hospitalized Because of 
Chronic Glomerulonephritis 


An apparent elevation of serum bilirubin is seen fol- 
lowing the hematin, but on the next day the values were 
just as high without hematin. It may be noted, however, 
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Fig. 11. Intravenous Injections of Hexiatin in a 
Male Subject, M. L., Age 52, Hospitalized Because 
OF Complete Biliary Obstruction Due to Cancer of 
THE Common Bile Duct 

After the first injection, a brief transitory increase of 
scrum bilirubin, of doubtful significance, is seen. Noth- 
ing of significance was observed in the second experimenL 

jections, while the increase following hematin was 
not as uniform, nor when it did occur, as con- 
vincing, with one exception (Figure 12). The 
difference is not due to amount of available pig- 
ment introduced, since, on one occasion (Figure 
6), a characteristic sharp rise is observed after but 
2.5 grams of hemoglobin, equivalent to 100 mgm. 
of hematin ; while on a different occasion, 500 mgm. 
of hematin produced only a slow and somewhat 
prolonged increase which might even be interpreted 
as nothing more than a cyclic x-ariation. The 
data for scrum bilirubin following hematin injcc- 

tliat hematin was present in the scrum at least until 9 
p.m. on the 18th. 

Fig. 9. Intra\t.nous Injection of Hematin in a 
Female Subject, B. E., Ace 6S, Hospitalized Because 
OF Complete Biliary Obstruction Due to Cancer 
OF THE Pa.VCREAS 

In this inst.ancc, a temporary 'drop in scrum bilirubin 
is seen following the hematin. The long persistence of 
the latfcr in the serum is noted. 

Fig. 10. Intravenous Injection or Hemati.n in a 
l^l.ALE Subject, W . 11.. Age 09. Hospit.alized Bec.ause 
or Complete Biliaev Opstkuction Due to Cancer or 
THE r.ANn'EAS 

A trap.'ilory decline followed by n cor.'iderable in- 
cre.ise in senim bilirubin is seen, following the hematin. 
Persi'lcnec id hematin in ib.e scrum into the •ecoe.d 2-t 
hours is notes!. 


tions, as shown in Figures 1, 2, 3, 6, 11, and 12, 
may be accepted as supporting a conversion of 
hematin to bilirubin. That noted in Figures S, 
9, and 10 is equivocal and might readily enough 
be interpreted as supporting the conclusions of 
Bingold and Duesberg, which have already been 
mentioned. These data do not exclude, however, 
a removal of hematin by' the liver with subsequent 
conversion to bilirubin and biliary' excretion as 
first suggested by' Aschoff (22). In the subjects 
with obstructive jaundice, biliaiy' excretion would 
not be expected, and, as Duesberg pointed out, a 
conversion of hematin to bilirubin ought to be 
followed here by' an elevation of the serum bili- 
rubin. This assumes, however, tliat any excess 
formed in this way' is not rapidly excreted in the 
urine, a possible source of loss which has not 
hitherto been taken into account. In the 2 e.x- 
periments shown in Figure 12, 1 with hematin 
and 1 with hemoglobin, distinct increases in serum 
bilirubin are seen which are followed by' signifi- 
cant increases in urinary' bilirubin. The increase 
of the serum bilirubin after hematin, although dis- 
tinct, was not as striking as that after hemoglobin. 



Fig. 12. REiT_ATEr> I.n'ttam v,' In jut: ti 

ATIN AND or Hr.Mry;Lrr;:; in itt ; mm • t ■ 

IN A l.f.ALE Si'PjrcT, J. H., A'-.r. 55. lit- i.'t-.utt' li'- 
c.AUsr. or Complete Bili.iiv Or^Tu rr: D' r t . C»‘.- 

CIE or THE P.ANarAE 
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again in spite of the fact that the amount of 
hematin injected was about 40 per cent larger. 
The result.s of this experiment are regarded as 
the most significant of any in this group. It is 
quite possible that the lack of elevation of serum 
bilirubin following hematin in other experiments 
(Figures 9 and 10) was due in part to an in- 
creased c.xcrction (of bilirubin) in tile urine. 
Another factor may be that of a very slow conver- 
sion of hematin to bilirubin as contrasted with a 
more rapid one for hemoglobin. With respect t<j 
the latter possibility, the long persistence (20 to 
36 hours) of hematin in the serum, after injection, 
indicates a slow rate cither of conversion or of 
removal. This may very well be related to the 
formation of Fairley’s methcmalbumen (10). 
Unfortunately, data were not obtained in the pres- 
ent studies on the disappearance rate of hemo- 
globin, so that direct comparisons are impossible. 
It is well known, however, that hemoglobin dis- 
appears from the circulation rclativel}' rapidly 
even if concentrations below the renal threshold 
are considered. Furthermore, the rapid increases 
of serum bilirubin after injection of hemoglobin, 
as noted particularly in Figure 6, indicate the 
speed with which hemoglobin might be expected 
to disappear. 

A very slow conversion of hematin to bilirubin, 
either in the blood or the liver, would adequately 
explain Duesberg’s failure to note any increase 
in bilirubin in duodenal drainage samples obtained 
over relatively short periods. 

SUMMARY AND CONCLUSIONS 

1. Following intravenous administration of 
hematin in non-jaundiced human subjects, an 
augmentation of the feces urobilinogen was ob- 
served which was roughly proportional to the 
amount of hematin given. This is interpreted as 
evidence of formation of bile pigment from hem- 
atin, contrary to the views of Bingold and Dues- 
berg who believe that hematin is not converted 
to bilirubin. 

2. The serum bilirubin was not uniformly ele- 
vated following the hematin injections, in contrast 
with those of hemoglobin which regularly pro- 
duced sharp rises. Nevertheless, significant ele- 
vations were noted after hematin in a number of 
experiments, A relatively slow conversion of 


htTiiatin (o hilinihin is suggested by (he long pe; 
si.stcncc of hematin in tiir circulating blond. Tb 
may be related to formation of inethenialbumci 
Increased e.xcrelion r)f bilirubin in the urine ma 
account in part for failure ot the serum bih'rubi 
to rise after hematin injections in subjects wit 
complete biliary obstruction. 
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An alteration of the blood scrum proteins in pa- 
tients with catarrhal jaundice has been amply es- 
tablished b}' the development of a positive cephalin 
flocculation ( 1 ) . A standard emulsion composed 
of cephalin and cholesterol, which remains stable in 
0.2 ml. to 0.1 ml. normal serum, diluted 1:21, tends 
to flocculate and precipitate when added under 
identical conditions to the scrum of patients with 
catarrhal jaundice. As the disease subsides, the 
positive reaction returns to negative. The mecha- 
nism of the reaction has not been adequately 
explained. 

We have shown in unpublished experiments that 
a positive reaction is accompanied by the absorp- 
tion of globulin by the emulsion particles, since rab- 
bits immunized intravenously with washed floccu- 
lated material develop precipitins for the globulin 
components of both the euglobulin and pseudo- 
globulin fractions of human serum. The intensity 
of the precipitin reaction is the same with normal 
serum and with that from hepatitis, indicating that 
the absorbed protein does not differ antigenically 
from the globulin of normal serum. 

The mechanism of the cephalin-cholesterol floc- 
culation reaction has been investigated (2) and it 
was found that the gamma globulin fraction of the 
serum was the sole component giving a positive 
flocculation, and further that there was no differ- 
ence in the flocculating power of the gamma globu- 
lin fraction obtained electrophoretically from a nor- 
mal serum giving .a negative reaction and the 
gamma globulin obtained from a hepatitis serum 
giving a strongly positive reaction. It was in- 
ferred that the negative flocculation obtained with 
normal sera was due to the inhibiting action by 
some other component of the serum. Complete 
inhibition of the reaction was not obtained with the 
albumin fraction in the proportions used by these 
observers, although inhibition of the colloidal gold 
reaction, which showed many points of similarity. 


was obtained with electrophoretically separated 
albumin. The present report is an extention of 
the studies mentioned above, including the use of 
gamma globulin and albumin in amounts com- 
parable to those occurring in 0.1 ml. of whole 
scrum. 

KXPKRIMEXTAL 

Scrum was taken from a number of normal Iiuman sub- 
jects giving a negative flocculation reaction and from 2 
patients with obvious liver disease giving strongly posi- 
tive (-}"f+) flocculation reactions. Patient 1 was suffer- 
ing from acute fulminating post-arsphenamine hepatitis. 
Patient 2 was in the first week of catarrhal jaundice. 
Electrophoretic analysis and separation of tlie sera were 
carried out in the Tisclius apparatus, using a buffer con- 
sisting of 0.02 il/ sodium pliosphatc + 0.15 M NaCl, at 
pH 7.4, and the concentration of each fraction of albumin 
and gamma globulin obtained was determined by measur- 
ing its refractivity in a previously calibrated Zeiss 
interferometer. 

Cephalin flocculation tests were performed on these 
separated serum fractions, in the manner previously de- 
scribed (3), using diminishing amounts of the gamma 
globulin fraction alone, and also after the addition of 
various albumin fractions. The protein preparations were 
mi.xed with 4 ml. of merthiolated saline and 1 ml. of 
standard cephalin-cholesterol emulsion. The tubes were 
allowed to stand at room temperature for 48 hours. 
Readings were made at 24 and 48 hours and recorded in 
terms of negative to -k-h-1— h. 

RESULTS 

The effect of increasing dilution of the isolated 
gamma globulin fractions on cephalin- 
cholesterol flocculating properties 

The observations of others (2) on the cephalin- 
cholesterol flocculating properties of gamma globu- 
lin were confirmed and extended by adding de- 
creasing amounts of the isolated gamma globulin 
preparations, from various sources, to a series of 
tubes containing 4 ml. saline and standard cephalin- 
cholesterol emulsion, to determine the degree of 
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TABLE I 

Cephaltn flocculation shown by diminishing amounts of the 
isolated gamma globulin fraction of normal 
. sera and of sera of hepatitis cases 


Gamma globulin fraction in diminishing amounts 



0.55 to 
0.65 
ingm. 

, 0.44 to 
0.S2 
mgm. 

033 to 
039 
mEiti. 

0.22 to 
0.26 
mgm. 

Q.ll to 
0.13 
mgm. 

Nortnal case I 

++++ 

++++! 

++++ 

4-++ 


Normal case II 

QNS 


+++-F 

+ '1' 

0 

Normal case III 

++++ 

+4‘+4' 

-1-++ 


0 

Normal case IV 

+ + + +! 

+++ 



0 

Hepatitis case I 

4“ 4* 4* 4* 

++++ 

-F+++ 

-i-+ + 

0 

Hepatitis case II 

4'4'+4-: 


+ + + 

+ + 

1 

0 


dilution necessary to obliterate the flocculation 
(Table I). 

It will be noted that as the gamma globulin 
fractions are progressively diluted, the flocculation 
diminishes, and is usually abolished at a concentra- 
tion between 0.22 and 0.11 mgm. of gamma globu- 
lin in 5.2 ml. of diluent. No significant differences 
in flocculating properties were noted with the 
gamma globulin fraction from hepatitis sera when 
compared with a similar fraction from normal 
serum. In no instance, under similar conditions, 
did an albumin fraction give a positive flocculation. 

It is noteworthy tiiat the protein fractions used 
in these studies were separated electrophoretically 
in a phosphate buffer at pH 7.4 near the isoelectric 
range (pH 6 to 7) of gamma globulin. The 
gamma globulin fraction obtained at a pH of 8.5, 
using a barbital buffer, failed to show flocculating 
properties, even after dialyzing to restore the pH 
to 7.4. 


The effect of albumin from normal serum and from 
the serum of hepatitis on the flocculating 
properties of gamma globulin 

A series of tubes was prepared containing dimin- 
ishing amounts of isolated gamma globulin similar 
to those described above, and to each was added 
5.9 mgm. (or 5.4 mgm.) of electrophoreticall}' 
separated albumin (the approximate amount calcu- 
lated to be present in 0.1 ml. of the normal serum 
used). Cephalin-cholesterol emulsion was then 
added in the usual fashion and the degree of floc- 
culation recorded after 48 hours (Table II). 

It will be noted that in the proportions used, con- 
siderable inhibition of the flocculating properties of 
the gamma globulin fraction is obtained with an 
albumin fraction from normal sources. In con- 
trast, an equal amount of the albumin fraction from 
the 2 cases of hepatitis showed distinctly less in- 
hibiting power on the flocculating properties of 
gamma globulin. 

DISCUSSION 

The elaboration of the serum albumins is usu- 
ally ascribed to the liver. When this organ be- 
comes diseased, such as in long-standing cirrhosis, 
a distinct drop in the serum albumin fraction is 
common, as well as an increase of serum globulin, 
especially of the gamma globulin fraction. It has 
recently been pointed out (4) that in acute hepatitis 
also, while similar changes are not striking by the 
usual salting-out methods (5), diminution of albu- 
min and increase of gamma globulin arc demon- 
strable by electrophoretic analysis. The studies 


Table ii 

Comparison of inhibiting powers of albumin fraction of normal serum and of albumin fractions from eases of heflotilis 


Gamma clobulin fraction In dirninijlrirs amo-jn*.* 



035 tntm. i 

0.44 mgm. ! 

035 sr.tm. 


0.5J r-tm. 

G.Tmrna Rlobuiin fraction from hepatitis case 1 alone 

Gamma RtohuUn fraction from case 1 5.9 mgm. of albu- 

mm fraction from normal scrum 

Gamma KlobuVsn fraction from case I -r 5.9 mfjm. of albu- 
min fraction from hepatitis case I 

-f-f *f 

4- a. 

-r *4^ 

B 


0 

0 

nNS 


0 m cm . 

032 

OJytrcr-.. i 

BSS8i 

i 0 tJ r r". 

globuVm fractio.-i from hcpatiiif 11 nJo^c 

globulin fmciion from U plu*- 5.4 mrm of nl- 

biimm fr.tction from normal scrum 

Gamm.a Kjobulin fraction from ca*e 11 plus 5.4 mrm, of al- 

uumin fraction from hepatitis case 11 " 

dz 

i 

0 

0 

n i 

0 

i 

n 
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TAiiu: m 

Prolrit! frorltpttalint: 





Klrctroptiorcllc tractlon;\tIon • 



S.alt frnctlon.ation (Itowr nictliO'l (5)) 


Tol.il 

Allmmin 


Glubitlin 


A/r. 

j 

Tot.-i! 

.■\llnimln 

Globnlin 

A /a 


protein 

a 

fl 

7 

Total 

r.itio 

protein 

1 

r.itio 

Case 11 

1 

1 

980 

485 

50 

per 

cent 

100 

10 

per 

cent 

185 

19 

per 

cent 

210 

21 

per 

cent 

495 

50 

per 

cent 

0.98 

7.2 

4.6 

■ 

1.76 

Normal 

1055 

665 

63 

per 

cent 

80 

8 

per 

cent 

195 

18 

per 

cent 

115 

11 

per 

cent 

390 

37 

per 

cent 

1.70 

7. .3 

5.4 

1.9 

2.84 


* Expressed in arbilrarj’ units and percentages deriveil from tlescenditu; pattern areas. 
Buffer 0.02 M sodium phosphate + 0.15 Al NaCl; pH 7,4. 


reported here confirm these observations (Table 
III). The data presetited indicate that during the 
active stage of hepatitis an alteration occurs in the 
albumin fraction as reflected by the cephalin floc- 
culation reaction. The chemical nature of this 
alteration is at present under investigation. Pro- 
found changes in serum albumins have been demon- 
strated in nephrosis by immunological studies (6), 
and by electrophoresis (7), but modification of the 
albumin fraction in active hepatitis has not been 
recognized previously. 

It is recognized that the effect on cephalin floc- 
culation here described may not be a function of 
true albumin, and, until further investigation, 
should be considered a function of the fraction 
separated under the conditions employed. Sub- 
fractions of albumin have already been made and 
it is well recognized that the electrophoretic frac- 
tion used in these experiments represents a 
mixture, 

A hypothesis for the mechanism of the cephalin- 
cholesterol flocculation reaction can therefore be 
advanced. The gamma globulin component of 
normal serum fails to bring about flocculation 
because of an inhibitory action exerted by sub- 
stances in the electrophoretically separated albu- 
min fraction. In disease, a positive flocculation 
may be obtained with a serum due to any of the 
following alterations: (1) Increase of gamma 
globulin in such quantity that there is insufficiency 
of the normal components of the serum albumin 
fraction to inhibit the reaction; (2) diminution 
of the serum albumin fraction below initial levels 


necessary to inhibit the reaction; (3) diminutio 
in the flocculation-inhibiting properties of th 
albumin fraction, such as has been demonstrate 
above. The positive test observed in hepatitis 
etc., is probably due to a combination of all thes 
factors, especially to modification of the albumi: 
fraction. 

CONCLUSIONS 

{1) The flocculation of a cephalin-cholesterc 
emulsion is observed with the isolated gamm; 
globulin fraction obtained from normal serurr 
and from the serum of cases of hepatitis. 

(2) The flocculating properties of gamma glo 
bulin are not affected in cases of hepatitis, al 
though there may be an increase of this fractioi 
in the serum during the course of the disease. 

(i) The electrophoretically separated albumii 
fraction from normal sera in sufficient concentra 
tion tends to inhibit the flocculation of the gamm: 
globulin fraction, whereas the albumin fraction; 
from the sera of cases with hepatitis show rela- 
tively less inhibition of the flocculation. 

(4) An hypothesis for the mechanism of tin 
cephalin-cholesterol reaction is" proppsed. 
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The effect of malarial fever on hepatic physi- 
olog)^ has recently been investigated. It has been 
found (1) that considerable bromsulphthalcin re- 
tention, a marked reduction in cholesterol and 
cholesterol esters, a moderate fall in phospholipids, 
diminished hippuric acid excretion and a strongly 
positive cephalin-cholesterol flocculation reaction 
resulted when malaria was induced in 9 patients 
by inoculation with Plasmodium vivax for the 
treatment of central nervous system syphilis. 
Other investigators (2) studied 10 patients with 
acquired malaria in all of whom the cephalin- 
cholesterol reaction was positive. The afore- 
mentioned authors (3) noted a hypoprotcincmia 
with a decrease in serum albumin and an increase 
in globulin in patients with therapeutic malarial 
fever. In this communication, data are pre- 
sented dealing with changes in the various serum 
protein fractions occurring during malarial fever, 
and correlating these findings with the cephalin- 
cholesterol flocculation test. 

MATERIAL 

Six patients suffering from central nervous system 
syphilis were infected with Plasmodium vivax by the 
intravenous injection of malarial blood. Prior to the 
institution of malarial therapy each patient was sub- 
jected to a number of liver function tests and blood 
studies, which included determination of the prothrombin 
time (4), bromsulphthalein retention, using S mgm. of 
dye per kgm. body weight with determinations 5 and 
30 minutes after injection (S), alkaline phosphatase (6), 
serum bilirubin (7), serum cholesterol (8), cephalin- 
cholesterol flocculation (9), serum albumin and globulin 
by the salting-out method (10), occasional hippuric acid 
excretion tests; urine collected 1 hour after intravenous 
injection of 1.77 grams of sodium benzoate (11), non- 
protein nitrogen (12), uric acid (13), and electro- 
phoretic analysis of the blood serum (14). These and 
other studies were repeated at intervals during the 

1 Aided in part by a grant from the William J. Mathe- 
son Commission. 


cour.se of tlic malarial fever and also during the period 
of antimalarial therapy and convalescence. The patients 
in this group experienced from 74 to 134 hours of fever, 
103® F. or over. 

RESULTS 

All 6 patients developed a positive cephalin- 
cholesterol flocculation reaction during the course 
of malarial fever. In 4 patients, the test became 
positive after about 20 hours of fever, in 1 patient 
after 35 hours, and in the remaining patient after 
70 hours. The test finally became 4 plus in 5 of 
6 cases and 3 plus in the remaining case after 
80 hours of fever. There was a marked reduc- 
tion in serum cholesterol in all cases, some brom- 
sulphthalein retention in 3 of the 6, and an ele- 
vated serum bilirubin in 1 instance. Definite 
hypoproteinemia and hypoalbuminemia occurred 
in all cases. A slight increase in globulin was 
noted in 5 cases of the 6 (Table I), using the 
Howe method. No consistent significant changes 
were found in prothrombin time or in alkaline 
phosphatase values. Hippuric acid excretion 
studies were performed in only 2 cases and 1 
showed no evidence of diminished excretion. 
Observations on a typical case are shown in 
Table II. 

Electrophoretic analysis and separation of al- 
bumin and gamma globulin fraction were per- 
formed using the Tiselius method (14) with a 
number of sera as outlined in the preceding paper 
(15). Fractions were obtained from sera taken 
both before the institution of malarial therapy and 
before its termination. Electrophoretic separa- 
tions were carried out in a buffer composed of 
0.02 M sodium phosphate and 0.15 sodium 
chloride at pH 7.4 and the concentration of each 
fraction of albumin and gamma globulin obtained 
was determined by measuring its refractivity in 
a previously calibrated Zeiss interferometer (Fig- 
ure 1). 
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TABLE I 


Showing the maximum change of some constituents of Mood serum in patients with Plasmodium vn-ax infections 


Case 

no. 

No. of hours 
with T. of 
103° or over 

Weight 

loss 

Cephalin 

flocculation 

Serurn 

bilirubin* 

Total 

proteinf 

Albumint 

Globulint 

Cholesterol 1 

l Bromsulfph- 

Before 

During 

fever 

Before 

During 

fever 

Before 

During 

fever 

Before 

During 

fever 

Before 

During 

fever 

thaleinX 



lbs. 



mgm. per cent 


grams per 100 ml. serum 


mgm. per cent 

per cent 

1 


8 

0 

4-1- 

0.9 


5.7 


3.3 


2.4 

203 

65 

80/18 

2 


6 

0 

4-1- 

1.8 

7.5 

5.2 


2.9 

2.5 

2.3 

292 

114 

95/35 



4i 

0 

44- 

0.5 

7.1 

5.8 

5.1 

3.2 

2.0 

2.6 

196 

92 

T5IS 

4 

134 

7 

0 

44- 

0.5 

6.4 

5.8 

4.3 

2.9 

2.1 

2.9 

231 

82 

5s/5 

5 

87 

7 

0 

44- 

0.5 

7.5 

6.7 

5.2 

3.9 

2.3 

2.3 

242 

133 

80/0 

6 

80 

6 

0 

34- 

0.5 

6.2 

5.8 

4.3 

3.6 

1.9 

2.2 

322 

149 

70/10 


* Highest value. 

t By the salting-out method of Howe. 

X Maximum retention using 5 mgm. of dye per kgm. body weight, with specimens taken at 5 and 30 minute intervals. 


Because of the findings of others (16) con- 
firmed by the preceding paper (15) that, in acute 
hepatitis, a rise in gamma globulin is only demon- 
strable by use of the Tiselius method, comparison 
of the protein changes were made using both the 
Howe salting-out and the electrophoretic proce- 
dures. These changes in albumin and globulin 
by the two methods before and during malaria 


are recorded in Table III and show that malarial 
fever induces hypoproteinemia and Inpoalbumi- 
nemia. There is but slight increase in globulin 
by the salting-out method, whereas by electro- 
phoresis there is considerable increase in globulin, 
particularly in the gamma fraction. 

The electrophoretically separated albumin was 
studied, by the methods previously outlined (15), 


TABLE II 

Changes in some constituents of Mood serum in a patient with Plasmodium vix'ax infection 


0 

5 

f) 

8 

g 

10 

U 

12 

1.1 

1-1 

l.^ 

i: 

\s 

2»' 
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(I 


133 

135 


132 


1.14 

134 


in . 
i.n 
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1 
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21 4 

1« O 
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45-1 

44-S 

47.1 


53 1 
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50 

o 
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00 25 3,2 


l.S 
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A IB 

Fig. 1. Electroi'iioresis P.atter.vs or Seru.m Taken- 

FROM P.\TIENT Xo. 1 

A. Before tlierapeutic nial.ari.n. B. During active ma- 
laria. Descending patterns. Buffer, 0.02 i\f sodium 
phosphate and 0.15 M X'aCI. pH 7.4. 

to determine if the changes noted in hepatitis were 
also present in patients tvith malarial fever. 

Three series of 5 tubes which contained dimin- 
ishing amounts of isolated gamma globulin, from 
0.60 mgm. to 0.12 mgm. were prepared. In this 
range, the gamma globulin fraction alone gives a 
cephalin-cholesterol flocculation range from 4 plus 
to negative (17). The effect of the addition of 
serum albumin obtained from blood, taken both 
before the institution of the malarial therapy and 
before its termination, was determined. Striking 


inhibition of flocculation occurred in all of the 
series of tubes containing S mgm. of albumin from 
blood taken before the in.stitution of malarial in- 
fectif)!!. In tile serie.s of tube.s, however, con- 
taining 5 mgm. of the albumin fraction from the 
serum rif ])atients ohtaiued during active malarial 
infection, there was hut .slight inhiiiitiou of floccu- 
lation in one in.stance (Ca.se 1) and no inhibition 
in the other (Ca.se 2) ('I'ahle IV). In (he one 
instance tested, no dilTercnce.s were oh.served in 
the reaction when the gamma glohtilin obtained 
during malaria wa.s siihstitiitcd for prc-malarial 
gamma globulin. 


Di.srrs.sio.v 

The 6 patients studied were sutTering from 
central nervon.s .system .sy[)hilis and therefore may 
have had changes in their serum protein patterns 
some time previously. The possibility of tcrtiaiA- 
.syphilis or of anti-luetic theraiiy affecting the 
serum protein response in malaria cannot be e-x- 
cludcd. However, all tests before the malarial 
induction were within normal limits, c.xcept the 
serological tests for syphilis. 

The most consi.stcnt changes incident to the 
malaria shown by these studies were: (1) De- 
crease in scrum cholesterol ; (2) the development 
of a strongly positive cephalin-cholesterol floccula- 
tion test (1, 2); and (3) a marked hypopro- 
teinemia, hypoalbnminemia, and-Tn increase in 
globulin, especially gamma globulin. These find- 


TADLE III 

Electrophoretic and sail fractionation {Hoivc method) of blood scrum before and during aclivc Plasmodiun vivas infection 






Electrophoretic fractionation * 



1 Salt fractionation— per cent 






Globulin 








Patient 

During 

Total 





Albumin 

Total 

-•Ubumin 

Globulin 

A/G 


1 protein 

! 

1 

; Albumin 

1 

(X 

P 

i 

" i 

1 

Total 

Globulin 

protein i 

1 





B 

1 

7.2 

i 

5.1 

0.43 



2.18 j 

2.4 

7.0 

5.0 

2.0 

2.5 

Case I 

1 

D 

6.3 j 

3.3 

0.30 



2.96 

1.1 

5.7 

3.3 

2.4 

1.4 


B 

6.8 

4.3 

0.40 

1.00 

1.10 

2.50 

1.7 

7.5 

5.0 

2.5 

2.0 

Case 11 

D 

1 

5.7 

1 

2.9 

0.32 

1.03 

1.67 

3.02 

1.0 

5.2 

2.9 

1 

2.3 

1.3 


B 

6.8 

4.5 

0.47 

0.83 

0.87 

2.17 

2.0 

7.1 

, 5.1 

1 

1 2.5 

Case III 

D 

5.8 

3.3 

0.37 

1.06 

' 1.06 

1 

2.59 

1 

' 1.3 

5.8 

3.2 

2.6 

1.2 


* Deduced from pattern areas assuming the same specific refractivity for all components. This introduces some 
error since it is known that the specific refractivity of the components vary among themselves. 
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TABLE IV 

The effect of albumin on the cephalin-choksterol flocculating poioer of gamma globulin: 

a. before Plasmodium vivax infection 

b, during active infection 


Gamma globulin in diminishing amounts 



0.6 mgm. j 

0.48 mgm. 

0J6 mgm. 1 

0.24 mgm. 

0.12 mgm. 

Pre-malarial isolated gamma globulin fraction from Case I 
Pre-malarial isolated gamma elobulin fraction from Case I, 

++ + + 


++-f 

++ j 


plus 5 mgm. pre-malarial albumin fraction from Case I 
Pre-malarial isolated gamma globulin fraction from Case I, 


± 

i 

0 

0 

0 

plus 5 mgm. post-malarial albumin fraction from Case I 

-f-ri*-}- 

-f-h-f- j 

•f -f 

db 

0 

Pre-malarial isolated gamma globulin fraction from Case II 
Pre-malarial isolated gamma globulin fraction from Case II, 


++ + 

4'+ 

-t- 

[ 

0 

plus 5 mgm. pre-malarial albumin fraction from Case II 
Pre-malarial isolated gamma globulin fraction from Case II, 

0 

0 

0 

' 0 

! 

0 

plus 5 mgm. post-malarial albumin fraction from Case II 


! -l-f+ 

+4- 


0 


ings, if indicative of a disorder in the liver, con- 
trast sharply with the results of other hepatic 
function tests such as bromsulphthalein excretion, 
hippuric acid synthesis, prothrombin time, and 
serum phosphatase values, which are often un- 
changed during malarial infection. 

A weakly positive cephalin-cholesterol floccula- 
tion test appears early in the infection and gradu- 
ally becomes strongly positive. In malaria, all 
three changes in the serum proteins which the- 
oretically could produce a positive reaction (15) 
may account for the positive cephalin-cholesterol 
flocculation reaction. The marked diminution of 
scrum albumin ? I the decreased inhibiting power 
of the electrophoretically separated albumin frac- 
tion suggest that the mechanism for synthesis of 
the components of the norma! albumin fraction 
is conspicuously impaired during malarial infec- 
tion. This derangement is similar to that ob- 
served in hepatitis. In the case of malaria, how- 
ever, the change is more marked than other dis- 
turbances of the liver as manifested by the con- 
ventional liver function tests. 

SUMMARY 

1. The cephalin-cholesterol flocculation test be- 
comes strongly positive in therapeutic malaria! 
fever. 

2. This is associated with a definite In-popro- 
tcinernia, hypo.a!binninenii3, and some increase in 
tnta!^ globulin .and especially in gamma globulin. 

o. Tb.c scrum .albumin fraction during active 
intev'tion shows a greatly decreased capacity to 


inhibit the cephalin-cholesterol flocculating prop- 
erties of gamma globulin. 

4. The positive cephalin-cholesterol flocculation 
reaction in malaria is probably due to; (J) hj’po- 
albuminemia, (2) a decreased capacity of the 
serum albumin fraction to inhibit the flocculating 
action of gamma globulin, and (3) an increase in 
the gamma globulin content of the serum in this 
disease. 

5. These changes resemble those seen in acute 
hepatitis. 

6. In malarial infection, the fonnation of sc- 
rum protein is more profoundly deranged than 
many other functions ascribed to the liver and 
these changes are well demonstrated by a series 
of cephalin-cholesterol flocculation tests. 
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INTRODUCTION 

That sulfanilamide becomes acetylated to a con- 
siderable extent in man and in some animals has 
been amply demonstrated (1 to 3). This acetyla- 
tion occurs on the amino group of the compound 
(1 to 3) to yield N* acetylsulfanilamide,^ a com- 
pound which has little if any bacteriostatic activity 
(2). It has since been found that, in man, all of 
the sulfonamide compounds now in common clini- 
cal usage become N‘ conjugated to a greater or 
lesser extent (2, 5 to 11). This conjugation has 
been shown for most of these drugs (2, 5 to 7) to 
be acetylation; N‘ conjugates with groups other 
than the acetyl have not been isolated. 

That sulfapyridine is “detoxified” in vivo in 
the dog by chemical changes other than acetjdation 
has recently been demonstrated (12 to 14) by the 
isolation of a glycuronide of a hydroxy derivative 
of sulfapyridine from the urine of dogs fed this 
drug. Also, a large increase in the urinary gly- 
curonidc excretion has been observ’ed in man (15) 
and in the rat (16) following the ingestion of 
sulfapyridine, and some increase in the rat (16) 
following the ingestion of sulfathiazole. 

These latter observations prompted the present 
study of the comparative extents to which several 
difTcrent sulfonamide drugs now in common clini- 
cal usage become acetj-lated, gh’curonidatcd, and 
sulfatcd in man. The importance of such phar- 
macological studies in man resides in the fact that 
the therapeutic activity and toxicity of a dnig 
depend not only upon the properties of the drug 
administered, hut also upon the properties and 
the amounts of the products formed from the drug 
by chemic.al changc.s in the body. 


* Tiie noiTicncIature of Cro'dey ft cl. ( 4 ), arconfir.c 
to N* referf to on tV.e aw.frl.; 

of tfic rni'iral ant N‘ to !vb«t!:i!rnts c; the 

sr.uno !< iV.i^ rc^’rt 


MATERIAL AND METHODS OF STUDY 

Material 

The subjects of this investigation were 10 adult pa- 
tients on the medical services of The New York Hos- 
pital, who received sulfonamide drugs in the treatment 
of various infections. For the purposes of study or for 
other reasons, as explained below in the legends to tlic 
figures, several patients received two different sulfonam- 
ide drugs at different times during the course of therapy. 

In none of the subjects was there any recognized ab- 
normal liver function. Similarly, 8 of the subjects had 
no recognized abnormal kidney function. Of the 2 sub- 
jects who received sulfonamide treatment for urinary 
tract infections, 1 (J. E. Figure 2) had only a left kid- 
ney, the right having been removed surgically for nephro- 
lithiasis, and the other (B. K. Figure 10) had chronic 
pyelonephritis with pyelographic evidences of decreased 
excretory function in the left kidney. Neither of these 
2 subjects had nitrogen retention. All of the subjects, 
except the 2 treated for urinary tract infections, had 
elevated body temperatures at the onset of sulfonamide 
therapy, and the therapy was continued for 2 or more 
days after the patient became afebrile. 

Sulfonamide therapy was given orally in divided d^'cs. 
No other medications which were kmown or su.spcctcd to 
affect the glycuronide or ethereal sulfate excretions were 
given during the course of the studies, except for the ad- 
ministration of acctylsalicylic acid in subject M. C. (Fig- 
ure 9) on 2 days after the cessation of sulfonamide 
therapy. All of the patients treated with sulfadiazine, 
sulfamcrazine, and sulfathiazole and 1 ('f. C. Figtire 9) 
treated with sulfamethazine received concomitantly 1 5.6 
grams daily of sodium bicarbonate in dividal do'es as a 
precaution acrainst renal complications con'eguent lo 
therapy with these drugs (/). 

MCTHODS 

The urines were collected under t'llu'-l in 2* l ''ur 
amounts. An aliguot was stored in th.'- refrigTat ^r 
under toluol alone, and to amtb-r aliv-'-'-t sirnilgrly 
storcei. I per cent of concentrate 1 HO '.‘.a* add'd. Frrc 
and total sulfonamide m.eaturcment' vrte mrde '■“. •- e 
unacidificd •j'ecimer.s v.itlnn a v.rrV rf t' - '.;r;.-.r cc'.'— - 
lion. In 2 instances (1. Figure 2 :■■■'. 11. K. Fi.-ure 
10). only total lulfcnarnMe s.a* r-'.-c '■.•rr l lerg;:- f'',v 

asmilalfle. Trm arrlir -d 't re 1 'ce-d—’-e'* -rr ut'd f'- 
gljiruron.-.c acid arrl su'iat* m-r--. rt* r 
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Measurements of tlic concenlralions of tlie stilfonain- 
icles in the blood and urine were made by tlic method 
of Bratton and Marsliall (17). TbrouRbout this report, 
the term “free" refers simply to tlie amount of com- 
pound, calculated on tlie basis of (he molecular weight 
of the drug administered, wbicli was diazotizable with- 
out hydrolysis, i.c., had a free amino group. Similarly, 
the term “total” refers to the total amount of compound 
which was diazotizablc after acid hydrolysis. That por- 
tion of the drug which became diazotizable only after 
hydrolysis is referred to as “N* conjugated compound" 
(4). That “free compound" or “N* conjugated com- 
pound" arc not necessarily synonymous with “free drug" 
or “N* conjugated drug” is evident from the results and 
discussion of the present study. 

G]yciironic acid measurements were made cs.senliall.v 
according to the method of Maughan, Evelyn, and Brown 
(IS), which involves acid hydrolysis of the glyctironidcs 
in the urine and a color reaction between the total gly- 
curonic acid and naphthoresorcinol. Two difTcrent sam- 
ples of naphthoresorcinol purchased from Schwarz I..abo- 
ratories, Inc., New York, were found readily soluble and 
satisfactory. It has been our practice to make up a 0.2 
per cent solution of the compound in water, preserve it 
in a dark bottle in the refrigerator over night, and filter 
the next day before using. Tlic solution so stored has 
kept satisfactorily for about 10 days, after which time 
there is considerable color development in the blank. A 
stock standard in water equivalent to 40 mgm. of glycu- 
ronic acid per 100 ml. was prepared from pure sodium 
pregnandiol glycuronidate and was found to be stable 
in the refrigerator for at least 4 months. From this 
stock solution, standards equivalent to 1 mgm. and 2 
mgm. of glycuronic acid per 100 ml. were made up 
monthly and preserved in the refrigerator. The reaction 
between naphthoresorcinol and glycuronic acid is slow 
(19). At the end of the 30-minute interval in the boiling 
water bath (18), only approximately SO per cent of the 
complete reaction is obtained for urines or for the stand- 
ards, the reaction not being complete until after approxi- 
mately 3 hours in the bath. Although presumably it 
would be more nearly ideal to allow 3 hours of boiling, 
this was not found feasible due to the development of a 
cloudiness in the ether layer after extraction of the col- 
ored compound. Since some slight variations in the 
color development of the standards were found on dif- 
ferent runs with the 30-minute boiling, we have prac- 
tised including a water blank and the 1 and 2 mgm. 
standards with each set of unknown urines, diluted to 
contain from 0.5 to 1.5 mgm. of glycuronic acid per 100 
ml., and have calculated the concentrations in the un- 
knowns from the standard curve for the run, using a 
straight line from the origin to the point for 1 mgm. 
per 100 ml. It has been our practice to shake the solu- 
tion for a few seconds after the addition of the alcohol, 
and to shake for 40 seconds with the ether to insure 
maximum extraction of the colored compound. The 
glycuronic acid values reported have been corrected for 
the brown contaminant in urine (18) by obtaining 


colorimeter readings with both the Sb5 iru' ,nnd 440 inj‘ 
filter, and by applying the following equations: 

(1) l-'Ty. — hoy. hi'yr. 

(2) I>T<i'' — kfjK'' 

In these equations, Ltm and I-xm arc (he total optical 
densities found with these filters, respectively, for the 
unknown; Lov.-. and Lrvj arc the optical densities con- 
tributed by the glycuronic acid and the urine contami- 
nant, respectively, at 565 mg; and Lo.., and Lr.i^ arc 
the optical densities contributed by these substances, re- 
spectively, at 440 mg. Equation (2) may be converted 
to 

(.?) Etih — Gr.ii'i.-r.'.-j Umii.-ov. Lt-,-.,-. 

in which Guino/'-s is the ratio of the optical densities 
found for pure glycuronic acid with the two filters and 
VtAmtM is the ratio of the optical densities found for 
the brown contaminant of urine with the two filters. 
From measurements made with standards in water, the 
value of GiAw.x^z was found to be 0.1. From spectro- 
photometric data (18), the value of UtAiz-.u^.z was found 
to be 5.8. Substituting these values in equation (J), 
the following equation was obtained : 

(4) Ltiio = 0.1 Loj-J -r- S.S Le^3 

On combining equations (1) and (4) and solving for 
Lows, the following working equation, which gives the 
corrected optical density for the glycuronic acid, was 
obtained : 

r 5.8 — Ltiio 

( 5 ) — =-= 

5./ 

The corrected values were usually from 20 to 40 mgm. 
per day less than the values uncorrcctcd for the 440 mg 
filter reading. In almost all instances, the results re- 
ported are the average of duplicates measured on two 
different occasions; the results of the two analyses usu- 
ally agreed well within + 5 per cent of their average. 

Measurements of urinary inorganic and ethereal sul- 
fate were made by the benzidene titration method of 
Fiske (20). Approximately half of the measurements 
were run in duplicate; the duplicates almost always 
agreed within the extent of a variation of + 1 per 
cent from the average calculated percentage of ethereal 
sulfate. 

RESULTS 

The dosages of the different sulfonamide drugs 
studied, the diseases for which the}'^ were given, 
and the urinary excretions of free and total sul- 
fonamide compound, of ethereal sulfates (in per- 
centage of total sulfate), and of glycuromides (ex- 
pressed as glycuronic acid) are reported for each 
subject in graphic form (Figures 1 to 10 inclu- 
sive) . These data, together with the average free 
and total blood levels of sulfonamide during ther- 
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TABLE I 

Stmmary of the data of this study 


Patient and 
figure 
number 

Sex 

t 

i 

Drug admin- 
istered 

, Daily 
dosage 
of drug 
during 
study 

Num- 1 
ber 
of j 
days 1 
studied 
during : 
ther- 1 
apy 

Average blood 
level of sulfonamide 
compound 

Average urinary 
excretion of sulfona- 
mide compound 

Average 
daily total 
sulfate 
excretion 

Average 

ethereal 

sulfate 

excretion 

Average 

daily 

glycuronate 

excretion 

1 

Free 

Total 

conju- i 
gated i 

Free 

Total 

N< 

conju- 

gated 

Dur- 

ing 

con- 

trol 

Dur- 

ing 

ther- 

apy 

Dur- 

ing 

con- 

trol 

Dur- 

ing 

ther- 

apy 

Dur- 

ing 

con- 

trol 

Dur- 

ing 

ther- 

apy 







mgm. Per 

^tr 



per i 


per uni of 








100 ml. 

uni 


uni 

sulfur \ 

total sulfcie 


H. W. 

Fig. 1 

9 

Sulfanilamide 

7 to 3 

4 

123 

IS.2 

19 

2.49 

3.94 

38 

0.67 

033 

4 

9 

395 

340 




Suifadiazine i 

(av. S.S) 





1 









J.E. 

Fig. 2 

(f 


i 

28 

7.2 




2.6S I 






505 

535 

L. L. 

Fig. 3 

o’ 

Sulfadiazine 

6 

■ 6 

63 



3,63 

4.98 

27 





525* 

4S0 

A. H. 

Fig. 4 


Sulfapyrazine 

12 

6 

3.8 

43 

12 

2.96 

3.91 

24 

0.77 

0.60 

a 

9 

625 

625 

0. P. 

Fig. S I 


Sulfathiazole 

6 

3 

6.0 

63 

8 

4.47 

S.28 

IS 

0.69 

037 

B 

B 

470 

630 

B.D. 

Fig. 6 


Sulfadiazine 

6 ' 

2 ' 

83 



4.20 * 

5.02 

16 

0.43 

030 


■B 

i 445 

465 


! 


Sulfamcrazine 

6 

2 

16.7 

173 

3 

3.81 

5.S2 

31 

0.43 

034 

H 

B 

445 

895 

M. R. 

Fig.r 


Sulfamcrazine 

6 

2 

163 

17.6 

6 

3.20 

4.88 

34 

0.60 

0.64 

H 

Bi 

4S0 

1290 





3 

7 

10.2 

11.1 

8 

1.66 

2.67 

37 

0.60 

039 


5* 

480 

925 

R.N. 

Fig. 8 

(f 

Sulfapyridinc 

4 to6 

4 

13.0 

14.9 

13 

230 

3.79 

39 

034 

0.95 

9 

9 

535 

1670 





(av. SA) 

















Sulfadiazine 

8 to 6 

S 

8.2 



332 

4.45 

24 
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j 

535 

510 





(av. 6.2) 














M. C. 

Fig. 9 

9 

Sulfamethazine ' 

0 

a 

S.l 

9.4 

46 

134 

6.00 

; 78 

037 

038 

5 

6 

605 

1210 




Sulfadiazine 

6 

4 

8.1 

8.9 

9 

4.02 

5.12 

21 

037 

0.74 

5 

8 

605 


B. K. 

Fig. 10 

tf 

Sulfamethazine i 

1 

4 

6 

m 

8.6 

20 


2.93 






500 



* Only 1 day of study. 


apy and in the, total sulfate excretion, are sum- 
marized in Table I, 

Blood and urinary free and total sulfonamides. 
The daily amount of total sulfonamide excreted 
in the urine by these patients ranged between 71 
and 100 per cent of the daily dosage for all of 
the drugs studied except sulfapyrazine, where the 
urinarj’ output of total compound was only 33 
per cent of the intake (Figure 10). 

Tiic percentage of N* conjugated compound 
excreted was less than 30 per cent for sulfa- 
diazine, sulfathiazolc, and sulfapyrazine. from 30 
to 40 per cent for sulfanilamide and sulfamcra- 
zinc, and 78 per cent in a patient receiving sulfa- 
methazine (Figure 9). The difference in the 
fentlcncy of a given drug to become conju- 
gated is shown particularly well in the studies 
where two drugs were administered at different 
tintes to tile same individual. Thus in R. X. 
(figure 8), 39 per cent of ilic excreted compound 
was X* conjugatc<l tiuring tlicrapy with sidfa- 
pyriilinc compared witlt only 14 per cent during 
sulfadiazine therapy. Similarly in B. D, (Figure 
6). 31 per cent of the c.xcrctc-.l centpound wa< X' 


conjugated during therapy with sulfamcrazine and 
only 16 per cent with sulfadiazine. Most striking 
was the finding in M. C. (Figure 9) tiiat 78 per 
cent of the excreted compound was conjugated 
during sulfamethazine therapy, as against only 
21 per cent during subsequent sulfadiazine ther- 
apy. This tendency for suifameth.izine to become 
N* conjugated to a great e.xtcnt is also obvious 
in the findings that, in the two patients treated 
with this drug, averages of 20 and 46 per cent 
of the blood sulfonamide compound were not 
diazotizable until after acid hydrolysis (Table I). 

Urinary ethereal sulfate excretion. Both dur- 
ing sulfonamide therapy and control pcrivls, the 
daily amount of total sulfate excretc(i in the urine 
was \'ari3b!e in different individuals, an ! in the 
same indiridual on different days. wa'; Ut l>c 
expected since the dietary intake'' v/e.-e not con- 
trolled. The difference- in the average daily uri- 
nary c.xcrction<; of total sulfate in a given ir.-.’i- 
vidual were not jn grf .at hef.vcen ' f 

therapy and control (Taldc I) r.s to .affert -'■.tpre- 
ciably the percentage of ju'.fr.tc to l>r o.m.-et'- ’ ;n 
the term of ethereal ‘ulfate 12:). Xrfther i* - 
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amount of ethereal sulfate nor the percentage of 
total sulfate excreted as ethereal sulfate in the 
urine was consistently increased above Jiormal 
during therapy with any of the drugs of this study. 
In two instances, H. W. (Figure 1) and B. D. 
(Figure 6), the values for the percentages of 
total sulfate excreted as ethereal sulfate during 
periods of therapy with sulfanilamide and sulfa- 
merazine, respectively, were approximately twice 
the values obtained during the respective control 
periods. Tiie authors do not believe that these 
differences necessarily indicate that a portion of 
these sulfonamides became sulfated. It is to be 


noted that in another subject, jM. R. (Figure 7), 
who received sulfamcrazinc, no increased ethereal 
sulfate excretion was observed during this therapy 
(Table I), If the increase in ethereal sulfate 
were interpreted as indicating that a sulfated 
sulfonamide compound had been formed, calcula- 
tions from the data for the increased amount of 
ethereal sulfate excreted (Table I) and from the 
molecular weights of the dnigs administered and 
the atomic weight of sulfur show that only 0.11 
gnam of the daily excretion of 3.94 grams of 
total sulfanilamide in H. W. (Figure 1), and only 
0.16 gram of the dail}' excretion of 5.52 grams 


SULFANILAMIDE 



Fig. 1. Sulfanilamide 

Patient H. W., a girl aged 13, received 7 to 3 grams (av. 5.5 grams) of sulfanilamide 
daily for 4 days in the treatment of a beta hemolytic streptococcus infection of the throat. 
The excretion studies started with the initiation of sulfanilamide therapy. 
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SULFADIAZINE 



Fig. 2. Sulfadiazine 

Patient J. E., an adult male, received 4 grams of sulfadiazine daily for 28 days in the treat- 
ment of a urinary tract infection with non-hemolytic streptococcus, gamma, and B. lactis acro- 
gcncs. The urines from this patient were combined for study * in 7-day periods. Studies were 
made on 2 control periods just prior to sulfadiazine therapy, on 4 periods of sulfadiazine therapy, 
and on 3 control periods which began approximately 2 weeks after the cessation of therapy. 

* We are indebted to Dr. Ephraim Shorr for affording us the opportunity to study these 
specimens collected by him on the Research Metabolism ward of The New York Hospital, in 
affiliation with the Russell Sage Institute of Pathologj-, for the purpose of other studies. The 
urines in this instance had been preserved for several months with sulfuric acid so that tlv: 
percentage of N‘ conjugated sulfonamide was not measurable because of interim hydrolysis. 
Sulfate excretion studies also were not possible because of the addition of the sulfuric acid. 


of total sulfanierazine in B. D. (Figure 6) were 
excreted in this form. 

Urtmry glycurouidc excretion. The urinarj' 
glycuronide excretion (measured as glyaironic 
acid) was nonnal during sulfanilamide therapy 
in the 1 patient studied (Figure I), during sulfar 
diazinc therapy in 4 patients (Figures 2, 3, 6, 8), 
and during sulfapyrazine therapy in 1 patient 
(Figure 4) (Table I). In the 1 study with sulfa- 
thiazole, the glycuronide excretion, although not 
above the upper limit of normal excretion which 
may be encountered, was definitely and consis- 
tently higher during therapy than after its cessa- 
tion (Figure 5, and Table I). The glycuronide 
excretions were strikingly incrcaseil above normal 
in 1 p,-itient during tiierapy with sulfapyridinc 
(Figure 8), in 2 jvitients while receiving sulta- 


merazine (Figures 6, 7), and in 2 patients while 
receiving sulfamethazine (Figures 9, 10) ; in each 
of these patients the glycuronide excretion re- 
turned to normal values on cessation of .sulfona- 
mide therapy. Again, the difTerences in glyairo- 
nidc excretion encountered with different sulfona- 
mide drugs arc particularly well demonstrated in 
instances where two drugs were given at different 
times iluring therapy in the .s.ame {citient. Tini-. 
in R. N. (Figure S), the glyaironide excretion 
fell from the verv' high levels obtained during 
sulfapyridinc therapy to numial during ju’.' e- 
quent sulfadiazine tlierativ. In B. D. (Figure f,), 
the glycuronide excretion v.as rv r'.r.r;! durirg 
sulfadiazine th.erajiy but incrtci'e ! -trikingly et: 
therapy with thi- drug rr-'r.re-’ by 
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excretion was strikingly increased during sulfa- 
methazine therapy but decreased toward normal 
when the therapy was changed to sulfadiazine. 

It is of note that the percentage of sulfonamide 
compound excreted as a gl 3 '’curonidc increased 
gradually during the first 3 days of sulfamethazine 
therapy in M. C. (Figure 9) and of sulfapyridinc 
therapy in R. N. (Figure 8). Similarly, the 
percentage of compound excreted in the N'* conju- 
gated form gradually increased in these subjects. 

From calculations based on the assumption that 
the glycuronides excreted during therapy with 
sulfathiazole, sulfapyridinc, sulfamerazinc, and 
sulfamethazine were monoglycuronidcs, it ajipcars 
tliat the percentage of the total sulfonamide ex- 
creted as a gl^'curonidated compound varied from 
4 per cent in a patient receiving sulfathiazole to 
68 per cent in a patient receiving sulfamethazine 
(Table II). 


PlSCUSSIOiV 

The studies of the present investigation were 
made directly in man since it is well known that 
the processes of "detoxication” of foreign sub- 
stances may var}f greatly in diflcrcnt species (22). 
That this is true in respect to the sulfonamides 
is demonstrated by the fact that certain of these 
compounds which become N'‘ acetylatcd in man 
(2, 5, 6) also become N* acetjdated in the rabbit 
and mouse (2) but do not undergo this chemical 
change in the dog (1, 14). On the other hand, 
in the dog (12 to 14), and in the rat (16), ns 
well as in man (15) (Figure 8), the urinarj' ex- 
cretion of glycuronide is greatly increased b}' 
sulfapyridinc administration. In the rat (16) as 
well as in man (Figure 5), there is some in- 
creased glycuronide excretion ■with sulfathiazole, 
but no increase in either the rat (16) or man 
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Fig. 3. Sulfadiazine 

Patient L. L., an adult male, received 6 grams of sulfadiazine daily for 6 days in the 
treatment of pneumococcal pneumonia. The studies were begun during the 1st day of 
therapy. 
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Fig. 4. Svlfapvr.^zike 

Patient A. H.. an adult female, received 6 grams of sulfapyrazinc for 1 d-iy, follo'.vcd by 12 grams of tb.is 
drug daily for 6 days in the treatment of pneumococcal pneumonia. Tlic dosage of sulfapyrarine v.as inerra''"'! 
to 12 grams on the 2d day of therapy because the blood level of “free" sulfapyrazinc \sas only 2S mrm. per F>'> 
ml. after I day of treatment with 6 grams of the drug. This study was begun on the 2d day of treaLment. 

(Figure 1 ) with stih'anilamide. Again, although tigatinn hecontc X* conjitgatc-I to varyit-.;: txtr;;! 

no increase above nonnal in the ethereal sulfate in man. ami that this X* conjugatitc) i' proh'-Xy 

c.vcreticm was found in our patient treated with in nature always acetylatie.n Cl. 5 . 5 to 7 ). it 


patient 

suliauilatnide (Figure I), a considerable increase 
in the ctlicrcal sulfate excretion in rabbits after 
the ingestion of this drug Ins been reported ( 25 ). 

Although it has l)een previouslv demonstrated 
tint .all <!'. tlic se.lfiunmides studio! in tins inves- 


not Inrcn sl'.own prtviou'ly lir.t 
pounds excetn snlfapyridine f 15 j 
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TAHLR II 

Calculated percentages of urinary sulfonamides excreted as glycuranidcs (mono) as compared ivith percentages excreted as 
N* acetyl derivatives in the patients treated with suljathiacolc, sulfapyridine, sulfamerazinc, and sulfamethazine 


Patient and 
figure number 

Drug administered 

Average 
dosage of 

Sulfonamide compound 
excreted 

Increase in 
urinary 
glycuronic 

Total 

•mlfonarnide 
excreted as 

1 Total 

.sulfonamide 
excreted n.s 

sulfonamide 

! 

Free j 

1 

Total 

acid over 
control 

N’* acetyl 
derivative 

monoglycu- 

ronide 

0. P. 

Fig. 5 

Sulfathiazole 

grams fer day 
6 

grams ; 

4.47 

(•er day 

5.28 

rngm. e'er day 
160 

prr 

15 

cent 

4 

B. D. 

Fig. 6 

Sulfamerazine 

6 

3.81 

5.52 

450 

31 

12 

M. R. 

Fig. 7 

Sulfamerazine 
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3.20 

4. 88 

810 

vVj i 

21 

M. R. 

Fig. 7 

Sulfamerazine 
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1.68 

2.67 

445 

37 

24 

R. N. 

Fig. 8 

Sulfapyridine 

5.3 

2.30 

3.79 

1115 

39 

41 

M. C. 

Fig. 9 

Sulfamethazine 

6 

1.34 

6.00 

605 

78 

16 

B.K. 

Fig. 10 

Sulfamethazine ' 

1 

4 


2.93 

1300 


68 


quantitate the previous observation (15) that in 
man, the urinar^^ glycuronide excretion is in- 
creased during the excretion of sulfapyridine, and 
further demonstrate that in man the urinary gl}'- 
curonide excretion is also greatly increased during 
therapy with sulfamerazine and sulfamethazine, 
significantly increased with sulfathiazole, and not 
observably increased with sulfanilamide, sulfa- 
diazine, and sulfapyrazine. 

The products of the conjugation of these sulfo- 
namides with glycuronic acid have not as yet been 
isolated from the urine of man and identified. 
The in vivo glycuronic acid derivative of sulfa- 
pyridine, isolated from the urine of dogs after 
sulfapyridine administration, has been demon- 
strated to be a glycuronic acid conjugate of an 
hydroxy derivative of the pyridine component of 
this drug (13, 14). It is of interest that although 
sulfadiazine itself does not lead to increased gly- 
curonic acid excretion in man (Table I), when 
one methyh group is substituted in the 4-position 
of the pyrimidine radical of sulfadiazine or two 
methyl groups are substituted in the 4-6 positions, 
the resulting drugs, namely sulfamerazine and 
sulfamethazine, respectively, do lead to greatly 
increased glycnronic acid excretion. There is 
evidence (22) that the products of the methyla- 
tion of certain heterocyclic hydrocarbons other 
than pyrimidines undergo much greater or quite 
different chemical changes in vivo than do the 
parent compounds. 

hi vivo studies (24) indicate strongly that N* 


acetylation of sulfanilamide occurs in the liver and 
not in an}"^ other tissue. Much evidence has been 
presented that with certain compounds other than 
sulfonamides, glycuronidation similarly takes place 
in the liver, and probably only in the liver (22). 
Further strong indication that glycuronidation of 
sulfonamide compounds occurs in the liver is the 
observation (16) that in rats with liver damage 
by phosphorous poisoning, the glycuronic acid 
excretion fails to increase after the ingestion of 
sulfapyridine. 

With none of the drugs studied in this investi- 
gation was there any evidence of the formation in 
vivo in man of sulfated sulfonamide compounds. 
That glycuronidation takes precedence in man 
over sulfate formation with certain hydroxy com- 
pounds not of the sulfonamide group has already 
been demonstrated (25). 

It is of interest that sulfapyridine, sulfamera- 
zine, and sulfamethazine which become acety- 
lated in man to an irregular and relatively large 
extent also become glycuronidated to a consider- 
able extent (Table II), whereas sulfanilamide, 
sulfadiazine, and sulfathiazole which acetylate to 
a lesser extent show no or a very slight (sulfa- 
thiazole) tendency to glycuronidate. No general 
correlation between acetylation and glycuronida- 
tion is warranted since sulfapyrazine , which acety- 
lates irregularly in different patients and some- 
times to a large extent (9) showed no tendency 
to glycuronidation in the patient of our study 
(A. H. Figure 4). It is of further interest that, 
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whereas sulfadiazine becomes acetylated to a 
relatively small extent and does not become gly- 
curonidated (Table I), its mono and di-methyl 
derivatives, sulfamerazine and sulfamethazine, re- 
spectively, become acetylated to a much larger and 
more variable extent and also become glycuroni- 
dated, the degree of these chemical changes ap- 
pearing to be greater with the dimethyl derivative 
(Tables I and II). 

Since a very large portion of the therapeutic 
dose of a sulfonamide drug may become chemi- 
cally changed in the human body, and since the 


processes of “detoxication” varj' greatly in dif- 
ferent species, it is evident that studies of the iu 
vitro bacteriostatic activity of any such drug and 
of its therapeutic and toxic properties in animals 
serve only to indicate the advisability of clinical 
trial. Thus, although sulfametliazine has ap- 
proximately the same bacteriostatic activity in 
vitro (26) as do sulfadiazine and sulfathiazole 
and has been judged highly active against organ- 
isms in vivo in mice (10), it has not proved to 
be as reliable a therapeutic agent in man as are 
sulfadiazine and sulfathiazole (11, 27) in the same 
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dosage. On the basis of earlier studies (11), it 
was suggested that this lesser therapeutic value 
of sulfamethiazine was attributable to the fact 
that this drug became N' acetylatcd to a large 
extent in a considerable number of j)atients, 
thereby losing a large part of its bacteriostatic 
activity. It may also be that of the portion of 
free compound remaining in the bod}’ a consider- 
able amount may be glycuronidated. Although 
the data of this study do not afford direct infor- 


mation as to the exact nature of the glycuronidated 
compound, it is of interest that in M. C. (7'ablc 
I), in whom sulfamethazine was very highly N* 
acetylated, the calculated amount excreted as a 
glycuronide (Table II) was much less than in 
B. K. (Table I) who acetylated the drug to a 
much lesser degree. These findings possibly in- 
dicate that glycuronidation and acetylation do 
not occur in the same molecule. 

It has been previously demonstrated (22) that 



Patient B. D., an adult female, received 6 grams of sulfadiazine daily for 
3 days and 6 grams of sulfamerazine daily for the following 2 days in the 
treatment of pneumococcal pneumonia. Sulfadiazine was replaced by sulfa- 
merazine on the 4th day of treatment in order to compare the findings of this 
study in the same subject with the two different drugs. The study was begun 
on the 2d day of sulfadiazine therapy. 
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SULFAMERAZINC 



DAY OF STUDY 
DATE 11944) 


FlC. 7. SULFAMERAZIN'E 

Patient M. R., an adult female, received 6 grams of sulfamcrazinc daily for 3 days and 3 grams of tliis drug 
daily for the following 9 days in the treatment of pneumococcal pneumonia and otitis media. Tlic study was iKgun 
on the 2d day of therapy.* 

* Lirine collections from this patient were Imown to be incomplete on the 1st and 2d days of therapy with 3 
grams of sulfamcrazinc, and on certain days during the control period. Tiiesc days arc indicated on th.e figure 
by the lack of complete continuity of the dates of study. 


some foreign coinpottiuls. other titan sulfona- 
mides, which are not necessarily intrinsicall}- toxic, 
owe their toxicity in part or in whole to those 
vcr\’ til fh'o reactions which lead to the formation 
of so-called ‘Metoxirntion” prodticts. That the 
III fjt'o X* acetyl derivatives of several of tlie 
sulfonamide druses in contmon usape may pivc 
rise to renal complications bec.-use ihcv precipi- 
tate in tl'.c kidneys and tirinarv tract is well at'- 
preciateol ft), / 1. \\ p.c'V.cr tl'.c st:’i( n.ar.i;rle drinks 
amtuntstcred (ir igte ot tiieir m t'.'t’,'’ itetivativcs 


gives rise to the febrile and skin reactions and tlie 
hematopoietic disturbances not infreqtientiy f'h- 
served is not known. That mintttc rim- s 
foreign compoumls are stifhcict'.l to can-': t<.e!- 
rcaction.s in man is v.el! tstab'i-h.'.-i. It ii.'i- b-'-n, 
suggested (2-S) t'r.at tb.c cyan' s's r>",-;;rr:n,t dnrir 
sultanilamiitc t'oerato' i' due to t'.e ir. •> 
ticTj of an oxi'ii.-ing .-.gmt ly ^nk'r.t.-’an-i 
It is to ps- tntei '■nt tin.! any r>-t_".' 
stu'iics c: snif'-nr.'n: !•' r.- t-. 
I'.r.vc exr..-t 'igtntm.rTc tv.n-t I*- i.'.— i ' 
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Fig. 9. Sulfamethazi.ve, Sulfadiazine 

Patient M. C., an adult {cmalc, received 6 grams of sulfamethazine daily for 4 days in tiic treatment of imcii' 
mococcal pneumonia. The study was begun during the 1st day of treatment Sulfadiazine was given in place o( 
sulfamethazine on the Sth day of treatment because the clinical response with the latter drug had not l)een satis- 
factory. The change in therapy afforded an opportunity for this comparative study of the fate of the two drugs 
On the 9th and 10th days of study, 0.65 gram of acetylsalicylic acid was administered to the patient for the rclici 
of pain from myositis. (X.B. — The glycuronidc output was increased considerably during the acetylsalicylic acid 
medication.) This study was l)cgun during the 1st day of sulfamethazine therapy. 


sttidic-s of t)ic .several difTcrent compounds which 
may he present in the hloixl and urine of the 
particular species studied. 

SUMM.NRY AND CONCLUSIONS 

1- To gain information concerning the chemical 
changes which sulfonamide drugs undciTTO in mnn, 
studies of the urinan,- excretion of free and total 
sulfonamide comjxumds. of glycuronidc, and of 
ethereal sulfates h.avc l>cen ma-'e in patients dur- 
ing .and following th.crapy with sulfani'ami-lc. 


sulfapyridinc, sulfatiiiazolc, sulfadiazine, sulfa- 
pyrazinc, sulfamcrazinc, and sulfameth.Tzine. 

2. The results confirm previous reports 5h'’f.v- 
ing the vari.ahility in the czetent to whici: the r 
dnig.s become .'jccfykter! in rrui.t. fulfn'UnrJrr 
and sulfathiazole being tire least acetyl -ite-! :.r:-! 
sulfamcthazi.nc the mo>i in the .‘ubjec:' «t:; hr--! 

3. Tite cth-crc-al sulfate c.xrrrtior; v. r.et 

ry^rTTi.'^; 

with any of th.ese dn;;’-. The ’I?.!.-; r.re :: 
prctc'l to sh.o-.v tint r.-' ap; rrrir.’-'e a-.'.—u.t ' i 
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SULFAMETHAZINE 



Fig. 10. Sui.fametiiaj:i.ve 

Patient B. K., an adult male, received 4 grams of sulfamethazine daily for 12 days in the 
treatment of a urinary-tract infection with Staphylococcus aureus. Studies were made of the 
glycuronic acid excretion during 3 control days before sulfamethazine therapy was instituted 
and during the last 6 days of therapy when the patient was receiving 4 grams of the drug 
daily.* 

* See footnote in legend of Fig. 2. 


of these drugs or of any of their in vivo deriva- 
tives in man becomes sulfated. 

4. The glycuronide excretion was not increased 
during therapy with sulfanilamide, sulfadiazine, 
or sulfapyrazine, was slightly increased with 
sulfathiazole, and was greatly inci eased during 
therapy with sulfapyridine, sulfamerazine, and 
sulfamethazine. These findings are interpreted 
as due to the formation of glycuronidated sulfona- 
mide compounds in vivo. 

5, Calculations based on the assumption that a 
monoglycuronide is formed in vivo show that 
from 4 per cent (with sulfathiazole) to 68 per 


cent (with sulfamethazine) of the total sulfona- 
mide compounds excreted in the urine during 
therapy with sulfathiazole, sulfapyridine, sulfa- 
merazine, and sulfamethazine were glycuronidated. 

6. The findings have been discussed in relation 
to their bearing on the interpretation of in vitro 
studies of sulfonamide drugs, of in vivo studies in 
animals, and of existing data on the renal clear- 
ance of these drugs. 

7. It has been pointed out that the toxicity and 
therapeutic value of a sulfonamide drug in man 
depend not only on these properties of the drug 
administered but on the properties of any of the 
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several compounds which may be formed from 
the drug in vivo. 

We wish to express our appreciation to Drs. Ephraim 
Shorr and Robert Furchgott for their many helpful sug- 
gestions during the progress of this work. 
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The level of serum ablumiu has been said to be 
the controlling factor in the accumulation of as- 
citic fluid in patients with cirrhosis of the liver 
(1 to 4). Several investigators have reported 
an increased portal pressure in patients with the 
disease (5 to 7) and this has been conceded to 
contribute to the development of ascites. During 
the past 3 years, we have observed patients with 
cirrhosis of the liver who have accumulated as- 
citic fluid in such quantities that repeated para- 
centeses were required. The plasma levels of 
albumin and globulin were determined at regular 
intervals. The patients received, in addition to 
an adequate diet, an aqueous extract of liver pre- 
pared at the Rockefeller Institute for Medical 
Research. The liver extract, diluted with saline, 
was administered intravenously. As a result of 
the combined therapy, the reaccumulation of as- 
citic fluid was arrested after varying periods of 
time in the different patients and further para- 
centeses were unnecessary. We were thus able 
to compare the plasma levels of albumin and glo- 
bulin during and after the period of fluid reten- 
tion. In addition, determinations of plasma pro- 
teins were made on a group of patients with se- 
vere cirrhosis of the liver in whom ascites had 
never been present. 

This report is concerned Avith these observa- 
tions. As the results did not indicate that the 
level of albumin in the plasma Avas the determin- 
ing factor in the fluid retention, data are presented 
to support another theory in explanation of this 
disturbance. 

STUDIES ON PATIENTS 

The patients selected for this study Avere those in 
whom severe liver damage was unquestionably present 

^ This research was aided by grants from the Milbank 
Memorial Foundation and from the Nutrition Foundation. 


.ns evidenced by the pby.sical findings and laborator 
tests. A history of chronic alcoholism c.xtcnding ovc 
a period of years Avns given by cacli patient. Durin 
the period of hospitalization, the patients Avcrc on th 
wards of the 3rd (New York University) Medical Divi 
sion of BellcAnic Hospital. When discharged, they wer 
seen regularly in the Metabolism Clinic of New Yor 
University College of Medicine. The diet consisted c 
450 grams of carbohydrate, 100 to 120 grams of pro 
tcin, and 85 grams of fat. Meat was gir’cn only once ; 
day and the rest of the protein Avas derived from mill 
eggs, cheese, and gelatine.- The liver extract® wa 
gi\'cn intravenously in doses of 5 to 10 ml. diluted Avitl 
40 ml. of N/saline. Two to 3 injections Averc gir-c] 
weekly. The plasma levels of albumin and globulii 
were determined by the method of Howe (8). The tota 
proteins were done by the micro Kjcldahl method 
Plasma cholcstcrols Avcrc determined by a modificatioi 
of the Schoenheimer and Sperrj' method (9), and Aven 
read in the photoelectric colorimeter (10). Fia’c mgm 
of bromsulphalcin per kgm. of body weight were injectec 
intravenously for this test and the retention was deter- 
mined on a sample of plasma withdrawn after onc-hal: 
hour. The readings were made in a photoelectric col- 
orimeter. The colloid osmotic pressure was calculated 
by the formula of Wies and Peters (11) rvith correc- 
tions made for the water content of the plasma using 
Eisenman’s formula (12). 

Si.x patients in whom severe ascites was arrested have 
been observed for periods of 3 months to 2E> j'ears. 
Two patients Avith scA'ere ascites died during the periods 
of study. One patient observed for 7 months is still 
accumulating ascitic fluid. Four patients had minimal 
or no ascites but had enlarged Iwers and evidences of 

- Knox Gelatine, Charles B. Knox Gelatine Co., Johns- 
town, N. Y. 

® The liver extract used in this study was made from 
Lilly’s 343, dried, powdered extract, by hot aqueous ex- 
traction. The extract rvas filtered through a Permutit 
tower, and the filtrate autoclaved at pH 8.3 for 20 min- 
utes at 116° C. The pH was then adjusted to 7.2 and 
the material again filtered. The filtered extract Avas 
tested for sterility and toxicity, bottled in ampoules, 
and stored in a cool place until used. Full details con- 
cerning the preparation of this extract will appear in 
another communication. ' 
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severe hepatic damage as shown by liver function tests 
and the albumin levels in the plasma. 

RESULTS ON PATIENTS 

In Table I are recorded the clinical data, the 
results of the bromsulphalein tests, and the choles- 
terol determinations. The levels of albumin and 
globulin in the plasma during the period of as- 
cites and at varying intervals after the cessation 
of ascites are given in Table II, along with the 
calculated colloid osmotic pressure. Table III 
gives the albumin and globulin levels at different 
intervals in the patients in whom ascites was not 
present clinically. 

In all the patients, the bromsulphalein reten- 
tion was increased, and the ratio of free/total 
cholesterol was significantly greater than in the 
normal. In both groups of patients, the levels 
of albumin were low on admission, never exceed- 
ing 2.4 grams per cent. This was true whether 
or not ascites was present. The levels of globulin 
were elevated in all cases. In patients No. 1 to 6 
(Table II), ascites was present for periods of 1 
to 22 months. Cases No. 1 and 2 are remarkable 
in that 19 and 33 paracenteses respectively were 
performed and the amounts of fluid removed at 
each time ranged from 8 to 25 liters. As is 
shown in the table, ascitic fluid ceased to reaccu- 
mulate prior to any increase in the levels of albu- 
min in the plasma. Plasma levels of albumin. 


determined at intervals of about 4 weeks, failed 
to show any significant change until 6 months or 
more after ascites was absent. In Case 1, for 
example, followed for a period of 22 months with- 
out ascites, no change has occurred in the level of 
albumin in the plasma, the latest determination 
in Aug. 1944 being 1.9 grams per cent. Cases 
7 and 9 died while still accumulating ascitic fluid. 
In Case 8, a total of 15 paracenteses have now 
been performed. Ascites only developed in Case 
4 following episodes of severe bleeding. At such 
times, it was necessarj'- to transfuse the patient 
and to give 5 per cent glucose infusions. The 
ascites was so severe as to require paracenteses 
on 3 occasions. The levels of albumin in the 
plasma were as low when no ascites was present 
as during the periods when it occurred. 

The levels of plasma albumin in Cases 10 to 14, 
in whom ascites was not present on admission, 
were as low as in Cases 1 to 9. The patients, 
with the exception of case 14, have been followed 
for periods of 4 to 19 months and the levels of 
albumin and globulin have been reported at in- 
tervals corresponding to those of the previous 
group. In Cases 10 and 11 who have been fol- 
lowed for the longest period, 14 and 19 months, 
the albumin levels are now 3.5 and 3.0 grams 
per cent. 

The observations suggested that the level of 
albumin in the plasma was not the sole dctcr- 


TADLE I 


Data on patients 
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TABLE 11 

Data on patients u-ith ascites 


C&sc 

no. 

Num- 

ber 

of 

parn- 

centcjcs 

RaoKO of albumin and dobulin levels 
during period of arcltea 

1 

Period 
of no 
areitea 

No. of 
plajma 
dclerm. 

After tlweeks'' 

After 8 wetis | 

After C montbj 

After 12 mor.lbs 

Alb. 

Glob. 

Ic.O.P. 
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Alb. 

Glob. 

C.O.P. 

AlU 
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Alb. 

Glob. 

C.O.P. 

Alb. 

Glob. 

C.O.P. 

Alb. 



1 

19 

i 

9 

i nm. 
litO 
170 

pro 

per 

1.9 
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3.9 

nn. 

/W 
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ni 
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• Occurred at intervals accompanying bleeding episodes. 


mining factor in the production of ascites. In 
considering other factors that might induce fluid 
retention, it seemed possible that the low urine 
volume (13) present in patients with cirrhosis of 
the liver might be the cause ratlier than the result 
of water retention. In 1940, the presence of an 
antidiuretic factor in the urine of patients with 
nephrosis and premenstrual edema was reported 
(14). On the premise that a similar substance 
might be present in the urine of patients with 
cirrhosis and ascites, the antidiuretic effect of 
aliquots of dialyzed urine from the patients was 
studied. 

PROCEDURE 

Urine was collected from 4 normal individuals and 
from 8 of the patients with cirrhosis of the liver. All 


subjects received an adequate fluid intake during the 
period of urine assay. 

Preparation of urine. The urine was extracted, with 
slight modification, by the method reported by several 
workers (14, IS, 16, 27, 28). Twenty-four-hour speci- 
mens were collected under toluene and acidified with 3 
per cent acetic acid. Evaporation at room temperature 
to volumes of about 80 ml. was accomplished by suspen- 
sion of the urine in cellophane sacks< ( 1 % inches X 2 
to 3 feet) before electric fans. This reduction in volume 
was completed in from 36 to 48 hours. Electrolytes 
were removed by dialysis in a stream of running water, 
the process being facilitated by constant oscillation 
through an angle of 30°. The urine became chloride- 
free in 6 to 8 hours. The final volume was brought to 
100 ml. One ml. of this solution was used for each 


* Visking Cellulose Sausage Casings — 36/32 “Nojax” 
Casing. 


TABLE III 

Data on patients with no clinical ascites 


Case 

no. 

Total 

time 

observed 

i 

Control period 

j After 8 weeks i 

1 ! 


j 

After 12 months 

Total 
no. of 
plasma 
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2.6 


mm. HiO 

219 

mm 

mm 

mm. HiO 

219 


mm. HiO 

232 

14 

11 

12 

2.4 

4.1 

209 

2.3 

3.3 

250 

2.9 j 

3.5 

226 

(1 

3.5 
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12 
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assay, an amount which represented just under 15 min- 
utes urine output. 

Method oj Assay. Assay o£ the antidiuretic activi^ 
was performed by the method of Bum (17). The rats 
used were adult males from the laboratory stock weigh- 
ing 120 to 240 grams. They had been maintained on a 
standard Nu Chow diet and water had been given ad lib. 
Food was removed 12 to 18 hours before the assay was 
performed. Water was allowed up to the time of assay. 
Series of 4 rats were placed in metabolism cages. Two 
series were used for each assay and the difference in 
total rat weight in each series ^vas not greater than 10 
per cent The animals were hydrated to S per cent of 
their body weight with lukewarm tap water, given by 
means of a gastric tube. Immediately after hydration 
an intraperitoneal injection of 1 ml. of the solution to 
be assayed was given to each rat The urine was col- 
lected and the volumes recorded, after the first 30 to 45 
minutes, at IS-minute intervals. Fecal contamination 
was prevented by use of a fine wire mesh and a small 
amount of glass wool in the neck of the funnel. In a 
certain number of experiments, determinations of the 
total chloride excretion in each cage for a 2-hour period 
were made by the open Carius method of the Volhard 
titration as applied by Van Slyke (18). Pitressin (Parke 
Davis), as commercially prepared, was assayed for its 
antidiurctic activity and for its ability to stimulate the 
excretion of chlorides. The effect of pitressin added to 
the urine of normal individuals and dialyzed for 6 to 8 
hours was studied in a similar manner. 

A total of 200 rats was used in the determinations. 
Six types of experiment were performed; (1) Assay of 
known amounts of pitressin (Parke Davis) for anti- 
diurctic activity. (2) Assay of known amounts of pitres- 
sin subjected to dialysis for antidiuretic activity. (S) 
Assay of urine from normal individuals for antidiurctic 
activity. (4) Assay of urine from patients with cir- 
rhosis of the liver for antidiurctic activity. (5) Estab- 
lishment of diuretic curves for the rat group when hy- 
drated and given 1 ml. of distilled u-atcr intraperitoneally. 
(6)Thc total chloride excretion was determined in the 
urines of the rats in experiments 1, 2, 4, and S. 

RESULTS 

In each assay, the diuretic response of 4 hv- 
drated rats was recorded in the form of a graph, 
plotting the time taken for excretion against the 
volumes of urine excreted. Tliis latter was ex- 
pressed as the percentage of tiic total amount of 
the water administered. To facilitate compari- 
son, rc.sults arc expressed as the time in minutes 
required for the excretion of 25 per cent and 50 
per cent of tite volume of rratcr administcrctl in 
the hydration. Each assay was done in duplicate. 

CcKfrc! ex/'rrirnrr.ts on diuresis. As good cor- 
re!.’.tIorr l.vctwecn dose ami response Iras l>eer. 
shown to occur foV.on-jng the injection of Imown 



Fig. 1. The AxTretuttrnc ErrzcT tx HynttATEn Rats 
OF Graded Doses of PrrFxssix (Parke Dafts) Given' 

I.VTRAPEEITO.VEALEV 


amounts of pitressin (16, 28), only a few experi- 
ments of this t> 7 )c were performed. In Figure 1 
arc plotted the results obtained with 5, 20, 50, 
and ZOO milliunits of pitressin given intraperito- 
ncally. The averages of the limes required for 
25 per cent excretion following injections of the 
above doses were, respectively, 98, 135, 170, and 
210 minutes. The corresponding averages re- 
quired for 50 per cent excretion -.vcrc 135, 173, 
233, and 278 minutes. The biological rcsp':)nsc to 
the doses of pitressin used was greatest between 
the ranges of 5 to 50 milliunits. 

Seven experiments were performed in '.vhich 
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antidiuretic potency of 20 milliunits of pitressin 
was assayed without previous dialysis. The anti- 
diuretic activity of the two solutions was then 
compared and in all 13 assays the antidiuretic 
effects of both dialyzed and undialyzed pitressin 
were found to be of equal magnitude. The results 
of typical experiments are shown in Figure 2. 



Fig. 2. Effect of Dialysis Upon Antidiuretic 
Activity of Pitressin (Parke Davis) 

1. Hydrated rats given 1 ml. distilled water intra- 
peritoneally. 2. Hydrated rats given 20 milliunits pitres- 
sin (undialyzed) intraperitoneally. 3. Twenty milliunits 
of' pitressin dialyzed in urine for 7 hours given intra- 
peritoneally to hydrated rats. 


There was almost complete superimposition of 
the excretory curves in the two types of assay. 
In the experiments in which pitressin was previ- 
ously dialyzed, the averages of the number of 
minutes required for 25 per cent and 50 per cent 
excretion were 135 and 173 minutes, respectively. 
The corresponding averages for undialyzed pitres- 
sin were 135 and 172 minutes. 

In order to establish the excretory curve fol- 
lowing hydration to 5 per cent of body weight, 
12 experiments were performed on groups of 4 
rats. One ml. of distilled water was given intra- 


TAULE IV 

Efeci of hydration (5 per cent of body misfit) on 
urine output in rats 


R.it 


Tim 

c in minutes for 

Broups 

No. 


25 per Cent 

excretion of 

50 per cent 

1 


75 

95 

2 


75 

95 

3 


60 

100 

4 


60 

95 

5 


65 

100 

6 


75 

110 

7 


85 

115 

8 


85 

110 

9 


85 

115 

10 


85 

110 

11 


80 

115 

12 


75 

110 


Average 

75 

106 


Range 

60 to 85 

• 95 to 115 


peritoneall}’ to each animal after hydration to 
simulate the conditions of the experiments with 
urine. The results arc shown in Table IV, The 
time required for 25 per cent excretion ranges 
from 60 to 85 minutes, and for 50 per cent excre- 
tion from 95 to 115 minutes, with averages of 75 
minutes and 106 minutes, respectively. 

Results of assay of human urines. Twenty- 
four-hour specimens of urine from 4 normal indi- 
viduals were assayed for their antidiuretic activity. 
In 1 case, the assay was performed on 2 separate 
urine samples. The results of the experiments 
are shown in Table V and indicate that normal 
urine has a slight antidiuretic activity. The time 
taken for 25 per cent excretion averaged 97 min- 
utes, and for 50 per cent excretion, the average 
was 115 minutes. The ranges of the two were 
75 to 115 and 125 to 185 minutes, respectively. 
Assay of antidiuretic activity was performed on 
24-hour urine samples from 8 cases with cirrhosis 
of the liver. In 1 case, two 24-hour samples were 
assayed. Cases 7, 8, and 9 (Table V) \vere pa- 
tients who had massive ascites and considerable 
peripheral edema at the time the urine was as- 
sayed. Cases 1, 2, and 4 were patients in whom 
massive ascites and edema had been present for 
a considerable time but in whom there was no 
ascites demonstrable at the time of the assay. In 
these cases, ascitic fluid had not accumulated for 
periods of 3 to 16 months prior to the assay. 
Cases 10 and 14 were patients with severe hepatic 
cirrhosis in whom ascites and edema had never 
been present to any demonstrable extent. In 
Cases 7, 8, and 9, the time required for 25 per 
cent excretion ranged from 175 to 215 minutes. 
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TABLE V 


Effects on urine output in hydrated rats of (he intraperitoneal injection of the extract of urines of 

normal and cirrhotic subjects 



Cases with cirrhosis of the Uver 

1 Normal subjects 

1 

Case 

no. 



24-hour 

urine 

vol. 

Degree 

of 

ascites 

Periph. 

edema 

Time for 
excretion of 

Case 

no. 

Sex 

Sp. gr. 

24-hour 

urine 

vol. 

j 

j Time for excretion of 

25 per 
cent 

50 per 
cent 

25 per cent j 

so percent 

Patients with 
massive ascites 

8-A 

M 

, 1.020 

i 

1 

ml, 

1000 

4+ 

2-1- 

min 

195 

1 215 

. 

mmm 

HU 

R 

M 

1.010 

ml. 

1350 

i 

min 

95 

no 

ru/rr 

130 

135 

8-B 

M 

1.020 

585 

4-f 

2+ 

190 

175 

320 

305 

D 

F 

1.010 

1600 1 

1 

75 

150 

9 

M 

1 

1 

1.020 

1 

1 

800 

3+ 

2+ 

195 

190 

300 

330 

S 

M 

1.025 I 

1 

1100 

90 

95 

180 

185 

7 

M 

1.030 

410 

3-1- 

1 

2-1- 

180 

175 

225 

245 

G-1 

M 

1.015 

1 

1080 

85 

105 

120 

135 

Patients witli 
no din. a.scitcs 
at time of 
urine assay 

2 

F 

1.015 

1600 

0 

0 

150 

145 

200 

205 

G-2 

j 

M j 

1.014 

1 

1200 

100 

115 

125 

145 

4 

F 

1.015 

1420 

0 

0 I 

150 

155 

215 

205 

Average 97 

Range 75 to 115 

145 

120 to 185 

1 

M 

1.010 

1650 

0 

0 

130 

150 

160 

190 



Ascites 

never 

present 

14 

M 

1.014 

1500 

0 

0 

125 

no 

160 

165 



10 

M 

1.014 

1320 

0 

0 

75 

85 

105 

120 


1 

i 


In Cases 1, 2, and 4, excretion of 25 per cent of 
administered water occurred from 130 to 155 
minutes, while in Cases 10 and 14, the time re- 
quired was 75 to 125 minutes. Tlic correspond- 
ing values for 50 per cent excretion were 225 to 
370 minutes, 160 to 215 minutes, and 105 to 165 
minutes, respectively. 

It is clear that the urine of patients with cir- 
rhosis of the liver and ascites had a greater anti- 
diuretic effect when injected into hydrated rats 
Ilian did the urine from patients without ascites. 
Moreover, the magnitude of the effect seemed to 
parallel the degree of ascites. .As can be seen 
from the results in Table V, the antidiurctic ac- 
tivity of the urine of patients 10 and 14. in whom 
ascites had never l>ecn present clinically, fell 
within the range of the antidiurctic artivitv of 
the urine of nonn.al persons. 

CKrrn\ 2 .':oi:r cn cl-.Ioridc cxcrciicr.. In order 
to examine the c'Tecis upon cldoride excTeti-m 
of the e.vtmct of urine from iv.f;ent<- with cirrho- 


sis of the liver, the total chloride excretion was 
determined in groups of 4 rats hydrated to 5 per 
cent of their body weight. The results arc shown 
in Table VI, The total chloride is expressed in 
micro-equivalents per 100 grams of rat weight, 
excreted in the 2-hour period following the intra- 
pcritoncal injection. Tlic total chloride excre- 
tion in Figure 3 is expressed In micro-equivalents 
per 100 grams of rat weight for a 2-hour {jcriol 
and is plotted against tb.e antidiurctic effect ob- 
tained with the substance injected. T!;c urine 
output in the 2-bour pcrio'I was mc.ist.'rei'! and 
tint volume, expressed as a i>erccn;.-j:c of j);'' ‘(/t.al 
amount of unter administcrc-l by gr.'.wgr, is jned 
to indicate tb.e antiiliurctic rtOjS^.me. 

Five c.xy'crimcnts were j^erforn-.e*'. in. •.vi-.-ch 1 
ml. of distillcf.l water v.a' inje-rti-! in.trr.^-'ri;.- 
neally into hydratc'l rats. T;:e tetr.' c’.l ex- 
cretinn 5 >rr ITO gra.n'.s r,f rat v. e:;d',’. in •' - e;; 
2-hour ykt'.'A ranged iri-r:; 2d' >' m ,'5 0 .n ri'-v 
equivalents, v.-i*.h r,n avrrrge <; 27 J fn 
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equivalents. In 6 experiments in which hydrated 
rats were given 20 milliunits of pitrcssin (Parke 
Davis) in a volume of 1 ml, of water, the chloride 
excretion per 100 grams of rat weight in the 
same period ranged from 51.3 to 67.6 micro- 
equivalents, the average being 60.2 micro- 
equivalents. Commercial pitrcssin was added to 
the urine of a normal individual and dialyzed for 
6 to 8 hours. Six experiments were performed 
in which 1 ml. of this solution, which had origi- 
nally contained 20 milliunits of pitrcssin, was 
assayed for its antidiuretic activity and its ability 
to stimulate the excretion of chlorides. As previ- 
ously mentioned, tlicre was no loss in antidiurctic 
potency. When injected intrapcritoncally into 
hydrated rats, the total chloride excretion per 100 
grams of rat weight per 2-hour period ranged 
from 20.1 to 34.4 micro-equivalents. The aver- 
age chloride excretion in these experiments was 
27.6 micro-equivalents. Six experiments were 
performed in which 1 ml. of a urine extract from 
a patient with cirrhosis of the liver was given 
intraperitoneally to hydrated rats. The chloride 
excretion per 100 grams of rat weight per 2-hour 

TABLE VI 

Ob5ervalio7ts on chloride excretion 
Total chloride excreted per 100 grams rat weight in 
2-hour period af ter hydration to 5 per cent of body weight, 
and injected as indicated. 

Chlorides are expressed in micro-equivalents 


Exp. 

no. 

1 ml. 
distilled 
water 
injected 
intra- j 

peritoncally j 

20 milliunits 
of pitrcssin 
(Parke- 
Davis) 
injected 
intra- 
peritoneally 

20 milliunits 
of pitressin- 
dialyzcd 
injected 
intra- 
peritoneally 

1 ml. urine 
extract from 
patients with 
cirrhosis of 
liver and 
ascites, 
injected 
intra- 
peritoneally 

1 

27.0 

67.6 

34.1 

23,5 


27.4 

67.2 1 

34.4 j 

23.1 

2 

25.6 

51.8 

29.6 

21.9 


26.7 

51.3 

30.1 

21.2 

3 

23.8 

63.1 

22.5 

19.0 


24.3 

63.5 I 

22.0 

19.0 

4 

34.5 

65.7 

20.1 

21.9 


35.0 

65.1 

20.6 

21.2 

5- 

23.9 

54.5 

24.4 

12.6 


25.1 

53.5 

24.7 

13.0 

6 


60.3 

59.1 

34.2 
[ 34.3 

15.4 

15.8 

Range 

23,8 to 35.0 

51.3 to 67.6 

20.1 to 34.4 

12.6to.23.5 

Average 

27.3 

60,2 

27.6 

19.2 
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THE Extract of Urine prom Patients with Cirrho- 
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period ranged from 12.6 to 23.5 with an average 
excretion of 19.2 micro-equivalents. The results 
indicate that the antidiuretic factor present in the 
urine of patients with cirrhosis of the liver does 
not possess the ability to stimulate the excretion 
of dilorides. They confinn the chloruretic ac- 
tivity of undialyzed pitressin (19 to 22) and show 
that this property is lost by dialysis. 


DISCUSSION 

Our observations on the plasma levels of albu- 
min in patients with cirrhosis of the liver, both 
with and without ascites, suggest that ascites in 
such patients is not determined solely by the level 
of albumin in the plasma or by the oncotic pres- 
sure thereby exerted. Moreover, it would seem 
that far too much emphasis has been placed on 
the critical level of albumin in the plasma as a 
determining factor in the production of ascites. 
Not only do the data that we have presented fail 
to support this contention but there are several 
reports in the literature which agree with this 
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idea. In 1939, Butt, Snell and Keys (23) re- 
ported the oncotic pressure in patients with cir- 
rhosis of the liver and in patients with obstructive 
jaundice. Only 2 of their patients with obstruc- 
tive jaundice had ascites, while ascites was present 
in all of the patients with cirrhosis. The oncotic 
pressures, however, were as low in the patients 
with obstructive jaundice as in the patients with 
cirrhosis and ascites. 

In the patients we have observed in whom 
ascites was controlled, the plasma levels of albu- 
min have remained well below the normal value 
for at least 6 months. Until more cases have 
been studied one cannot know whether or not the 
plasma levels of albumin will ever return to and 
remain at the accepted lower level of normal, 3.8 
grams per cent (24). It is equally significant 
that in the patients in whom ascites was never 
present, the plasma levels of albumin were all 
below the normal level. 

The observation that there is a decrease in urine 
output in patients with cirrhosis of the liver is not 
new. In 1901, Gilbert and Lerebouillet (13) re- 
ported that the output of urine was decreased in 
such patients. Pick (25), in 1929, stated that in 
certain cases of nephrosis there was an increased 
diuresis following liver extract therapy. He dis- 
cussed the question of a “liver hormone” in rela- 
tion to water metabolism and cited the experi- 
mental work of Glaubach and Molitor on the 
effect of an injection of liver extract on water di- 
uresis in a dog with kidney damage. Ratnoff and 
Patek (26) also mention the water retention in 
cirrhosis of the liver but consider tliat the “lower- 
ing of scrum albumin and tlierefore of oncotic 
pressure is ample explanation for water retention 
in most cases of cirrhosis of the liver.” They 
agree, however, that there may be other factors 
involved. 

The nature of the antidiurctic effect whicli wc 
have observed with urines from patients with cir- 
rhosis of the liver cannot be defined at this time. 
Th.at the effect may be due to a substance of pitui- 
tary origin should be considered. The method 
that was user! for its extraction from the urine 
was tint described (15, 27, 2S) tor tlte extraction 
of the antidiurctic liorninnc of the pituitary. All 
of tliese investigators found tint with this methed, 
the sulKtance could not l>e extracted from the 
urine of aninnls unless th.e pxistcricr pituitarv or 


the hypothalamic-hypophyseal system was intact. 
Furthermore, with this method an antidiurctic 
substance was recovered (14) from tlie urine fol- 
lowing the injection of pitressin into normal indi- 
viduals, and the recovered substance exerted an 
antidiuretic effect equal to that of the amount of 
pitressin injected. It has been argued (29) that 
the substance extracted from urine is not pituitary' 
in origin because it does not cause, when injected, 
an increased excretion of chlorides. This state- 
ment is contradicted by our experiments which 
show that the chloruretic activity of commercially 
prepared pitressin is lost by dialysis although the 
antidiuretic potency remains unchanged. If the 
substance is pituitary in origin, it may be that 
the reason for finding it in increased concentra- 
tions in the urine of patients with cirrhosis of 
the liver and ascites is due to the fact that the 
damaged liver has lost the capacity to inactiiTite 
this hormone. There is evidence that tlie liver 
does inactivate some of the hormones and it has 
been reported that a suspension of liver may in- 
activate the antidiuretic hormone of tlie pituitary 
(30). 

Another factor which may enter into the in- 
crease in concentration of the antidiurctic sub- 
stance in the patients with ascites and cirrhosis 
is dehydration. Ham and Landis (29) reported 
that, in 1 female subject “dehydrated to a moder- 
ate degree,” there was a moderate amount of 
antidiurctic substance excreted in the urine. In 
one of our normal male subjects, fluids were re- 
stricted so that tlie total urine output for 24 hours 
was 930 ml, and the specific gravity was 1.032. 
The antidiurctic effect of this urine was in the 
upper limits of normal; c.g., the time in inin'.Jtcs 
required for the excretion of 25 i>cr cent of the 
ingested water in the rats averaged 123 minutes 
whereas the upper limit of normal in the otb.cr 4 
subjects u-as 115 minutes. Fifty per cent of she 
ingested water was excreted in 180 minute' by 
the rats receiving the antidiuretic extract frrrn 
this patient’s urine. 

Although it is indubitab'y true t!'..'!t ti'.e p!a»r,u 
levels of .albumin arc lo-.v in patients -.v:;!! citt; --':' 
of the liver, tl-.c cridenre tbat thir. i* detec- 
mining factor in fluid retention i* o^'en to O'.:".- 
tinn. Ti'.e very fact tluit ti-'" L'urr.in level i' I'.-ov 




324 


E, r. RALLT, J. S. nonSON, D. CLARKE, AND C. L, HOAGLAND 


observations have shown that there is some corre- 
lation between the degree of ascites in patients 
with cirrhosis and the antidiurctic activity of the 
urine. Granted, that there is a certain amount 
of dehydration present in the patients with ascites, 
the possibility still exists that fluid retention in 
such patients may be influenced by some anti- 
diurctic factor which is efTcctivc in suppressing 
urine output. The c.xact nature of this .substance 
is not known but it is possible that it may have 
its origin in the posterior pituitarj'. The fact that 
the antidiurctic effect is not equally present in all 
patients with cirrhosis of the liver, but is marked 
in the patients with ascites, suggests that, in spite 
of severe liver damage, all functions of the liver 
are not equally impaired. In the patients in 
whom ascites has not occurred, it is probable that 
the capacity of the liver to dcto.xif}'' certain sub- 
stances is still intact. The cessation of the accu- 
mulation of ascitic fluid in 6 of the patients treated 
with the high carbohydrate, high protein diet and 
with liver extract, confirms the observations of 
Patek and Post (31) that this combined form of 
therapy is indicated in the treatment of patients 
with cirrhosis of the liver. These investigators 
administered liver extract, 5 ml. intramuscularly, 
twice weekly along with a high protein diet. 

SUMMARY 

Observations are reported on the plasma levels 
of albumin and globulin in patients with cirrhosis 
of the liver, with and without ascites. The 
plasma levels of albumin were low in both groups. 
Following treatment with diet and intravenous 
liver extract, reaccumulation of ascitic fluid ceased 
in 6 patients and this occurred before there was 
any increase in the levels of albumin in the 
plasma. Determinations of the plasma at monthly 
intervals in the patients showed no significant 
increase in the level of albumin for as long as 6 
months after the ascites was absent. 

The urine of the patients with and without as- 
cites and of normal subjects was assayed for its 
antidiuretic activity. It was found tliat the urine 
of patients with ascites when injected into hy- 
drated rats delayed the excretion of urine. The 
urine from patients in whom ascites was never 
present possessed an antidiuretic effect similar to 
that obtained with the urine from normal subjects. 


The urine of patient.s in \vliom ascites bad been 
controlled prior to a.ssay had an antidiurctic effect 
greater than the urine of normal subjects but less 
than that obtained with urine from patients with 
ascites. The nature of tlie antidiurctic substance 
obtained from the urine has not been ascertained. 
Ba.scd on the methods of c.xtraction and on the 
work of other investigators, it is suggested that 
the antidiurctic substance may have its origin in 
the posterior pituitary, 

Pitressin as commercially prepared was found 
to exert its full antidiurctic activity after dialysis. 
This procedure, however, resulted in a loss of the 
chloruretic effect of the hormone, 
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The determination of the cardiac output in jnan 
has usualljf been done by indirect inetliods. The 
demonstration (1) that mixed venous blood could 
be obtained by introducing a catheter into the 
right atrium and tlie later data (2), showing that 
this technique is simple and safe, have provided a 
new method for. quantitative studies of tlic circu- 
lation in man. The purpose of this ])apcr is to re- 
port the data obtained in the study of normal 
resting subjects by the catheter technique. Some 
of these persons were relaxed and quiet; others 
were ner\'ous and apprehensive. 

METHODS 

Physicians, medical students, hospital patients, and paid 
volunteers served as subjects. They had eaten no food 
since the evening meal on the night prev'iously and they 
came to the laboratory at 7 :30 a.m. After resting one- 
half hour, the procedure was begun. Tliirty to 90 
minutes later, quantitative studies were made. 

The right atrium was cathetcrized via the median 
antecubital vein by the technique described by Cournand 
ct al. (2 to 4). A slow drip of physiological saline solu- 
tion was maintained through the catheter during the 
study. The necessity has been stressed (4) for hav- 
ing the tip of the catheter in the region of the tricuspid 
valve in order to obtain blood in which the streams from 
the superior and inferior cavae are fully mixed. Even 
with this precaution, a sample of mixed venous blood 
may not be obtained. In 3 subjects, blood from the 
atrium in the region of the tricuspid valve was found to 
have a very low oxygen content. Samples taken from 
the right ventricle or other parts of the atrium led to 
the conclusion that the catheter had entered the coronary 
sinus, or an aberrant hepatic vein emptying directly into 
the atrium. 

An inlying needle was placed in the femoral artery, 
which had previously been well novocainized. Oxygen 
consumption was measured by collecting expired air for 

iThe work described in this paper \yas done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the Emory University School of 
Medicine. 


2- or 3-mimitc periods in a Dougl.as b.ag and nn.nlyzing 
its oxygen and carbon dioxide content by tiic mctliod of 
Haldane. It was found necessary to bring in air from 
the outside of the building as the carbon dioxide content 
of the room air increased appreciably during the ex- 
periment. The metabolic rate was recorded as the per- 
centage of deviation from the c.xpcctcd basal metabo- 
lism. The oxygen content of the mixed venous and 
arterial bloods was determined by the method of Van 
Slj’kc and Neill (5). The hemoglobin concentration of 
the blood was measured by diluting the blood with am- 
monia water and determining the intensity of the color 
by a photoelectric colorimeter. In the few instances 
where an arterial puncture was not done, blood from the 
atrium was saturated with oxygen and its oxygen ca- 
pacity determined directly. The arterial oxygen content 
of the blood was then calculated on the assumption that 
the hemoglobin in the arterial blood was 95 per cent 
saturated with oxygen. It was not possible to calculate 
the oxygen carrying capacity of the blood from the con- 
centration of the hemoglobin. Varying amounts of in- 
active hemoglobin were found in the blood. Similar ob- 
servations have been reported by other investigators 
(6, 7). 

The arterial pressure was recorded optically from the 
femoral artery by the method of Hamilton (8). The 
mean arterial pressure was measured by planimetric inte- 
gration of the area beneath the tracing. The peripheral 
resistance was recorded in absolute units and calculated 
by the formula (2) : 

_ Pm (mean pressure in mm. Hg) X 1332 
C.O. (cardiac output in ml. per sec.) 

The mean atrial pressure was measured by a manometer 
filled with physiological saline solution, a point 5 cm. 
below the fourth costo-chondral junction being taken as 
the center of the right atrium. The ventilation was ex- 
pressed in liters of air per minute per sq. meter at Z7° 
and the prevailing barometric pressure (9). 

Three of these subjects had an intravenous injection 
of 2 ml. of a 20 per cent solution of para-amino hippurate 
from 15 to 20 minutes before the cardiac output was 
measured. The disappearance rate of this substance was 
being determined in an associated study- and, as this 
substance was found to have no effect on the circulation, 
the data on these patients have been included along with 
those of other normal subjects. 
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RESULTS 

Eleven relatively complete sets of observations 
were made on 7 medical students and 2 phj^si- 
cians (Table I). These subjects were familiar 
with the techniques used and had been present 
when the procedures were carried out on other 
subjects. In 5 of these experiments, the measure- 
ments were made before the removal of blood for 
an associated study. The subjects had served as 
donors previously and were not apprehensive 
about the loss of blood. Eight of the subjects ap- 
peared relaxed. The ninth was obviously tense. 
In the 10 sets of observations on normal, relaxed 
subjects, the ventilation rate varied from 2.4 to 
3.5, the oxygen consumption per sq. m. from 103 
to 133 ml. per minute. The arteriovenous oxygen 
difference ranged from 3.1 to 5.0 and the cardiac 
output from 4.9 to 7.7. The cardiac inde.x varied 
from 2.4 to 3.9 and the mean femoral pressure 
from 71 to 97 mm. of Hg. The pressure in the 
right atrium ranged from 15 to 75 mm. of water, 
the peripheral resistance from 822 to 1580 units. 
Obseiv'ations were made on 2 different days on 
one of these subjects. On the first occasion, the 
metabolic rate deviation from the expected normal 
was minus 25, on the second, minus 13. Two de- 
terminations of the oxygen consumption were 
done with each experiment. The first set of ob- 
sen'ations may represent a technical error, but we 
have not been able to detect it. In the tense sub- 
ject, WB, the heart rate was rapid, the oxygen 
consumption was slightly higher than in the 
others, the cardiac output was greatly increased 
and the peripheral resistance was extrcmelv- low. 
Five months later, the obseiwations were repeated. 
The subject was more relaxed, the pulse rate had 
decreased 18 beats per minute, the cardiac output 
had fallen to one-haif its fonner level, and the 
peripheral resistance had risen 400 units. The 
metabolic rate had decreased from plus 6 to 
minus 12. 

Similar studies were made on 10 colored male 
patients from the wards of Grady Hospital. Four 
ot the .subjects were conwalcscing from an licmior- 
r!:apy. one iiad asjTuptomatic ncuros\'])hilis, one 
ditiusc ncuroiibron'..atosis. and one sulenental 
tul'c.wulous lympl'.adenitis wid-.out anv svs'.cmic 
cviilcncc o! infection. Tlttcc pat!cn’.> v.erc con- 
valescing fr<';;i acute illness one frrm f,"; ItU' 


fever, one from infectious hepatitis, and one from 
lymphocytic choriomeningitis. As a rule, tliese 
patients showed somewhat higher ventilation rate 
and oxy'gen consumption than did tlie medical 
students and physicians. The average oxygen 
consumption per minute per sq, m. was 139 ml., 
as compared to 121 ml. for the students and 
physicians. It was much more difficult to judge 
whether tliese patients were relaxed. In one sub- 
ject, the metabolic rate was plus 16. In a second, 
the pulse rate was 84 beats per minute. Exclud- 
ing these 2 subjects, the cardiac index varied 
from 2.3 to 4.1 and the atrial pressure from 0 to 
plus 85 mm. of water. The cardiac index in the 
students and phj'sicians who appeared relaxed 
averaged 3.2. This is not significantly different 
from the average figure of 3.6 found in the colored 
patients. 

Three negro males were studied before and 
after venesection. These subjects came into the 
hospital the morning of tlie experiment. They 
had never given blood and were naturally some- 
what apprehensive. The oxygen consumption in 
these patients was definitely above the level of 
the controls and the cardiac output was elevated. 
The first subject, WP, was of particular interest 
because obseix'ations were made at 3 different 
times. By the third experiment, he was well 
relaxed. In the first 2 experiments, the oxygen 
consumption was 14 and 8 per cent higher than 
in the third one, while the cardiac output was 47 
and 65 per cent higher than in the third set of 
observations. 

Observ-ations on the effect of gravity on tbe 
cardiac output were made in 5 normal subjects 
and one patient with hypcrthyroidi.'m. .-Xftc.' the 
cardiac output was measured with the subjevi in 
the recumbent position, the tabic was tilted to .a.n 
angle of approximately 70' from the h.oriron;.'!, 
the feet resting against an ujiright ff'o: r;. 

The arms hung loosely at t’n.e thigh.- .an-l t':-- j- r- 
sons were rcbaxerl c,\'cept for u-e tnu . 
necc.-sary to tl’.e •naimen.ance r.f the ^ r.-' ; 
posture. Care v.a- t.ahen r. ; to rn 'V- tl- 
or to tighten a:;'] relax the hg a't'-rr;:- vg-. 

The po'it:''':’. < ; th.e c.tt vter v.r.' clo <■ ! 
fincrc'scnp’. r.r.'l r.ftrr 5 t.o h : r t- • 
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TAIIM; If 

Efecl of lilliuti to 70° on the oxygen consumption, arterio- 
venous oxygen difference, and cardiac index of 5 
normal subjects and one patient (P IF) 

',L'ith hypcrlhyroidis m 
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the arteriovenous oxygen clifFercnce increased and 
the cardiac output decreased. In the semi-erect 
position, the increase in arteriovenous oxygen 
difference was somewhat more striking than the 
fall in cardiac output, because the metabolic rate 
was usually higher with the patient in the semi- 
erect than in the horizontal position. In one sub- 
ject, 3 specimens of blood were taken from dif- 
ferent areas in the right atrium to be certain that 
the lowering of the exj-^gen content of the atrial 
blood was not the result of improper mixing of 
the blood from the superior and inferior venae 
cavae. The values found for the oxygen content 
were similar in the 3 specimens. 

COMMENT 

Determination of the cardiac output utilizing 
mixed venous blood from 'the right atrium has 
opened a wide field for clinical investigation. 
This technique, however, has many sources of 
error so that small changes are difficult to inter- 
pret. The method is more accurate when the 
arteriovenous oxygen difference is large. When 
the oxygen consumption remains constant, the 
relationship between the cardiac output and the 
arteriovenous oxygen difference is a logarithmic 
one. Thus, with an arteriovenous oxygen differ- 
ence of 8, an increase of one volume per cent 
will cause a decrease in cardiac output of only 12 
per cent. With an arteriovenous difference of 2, 


an incrca.se of one volume per cent will cause a 
33 per cent decrease in output (Figure 1). 

Other invc.stigators (2) have taken repeated 
.saniplc.s within a few minutes' time in a series of 
1 1 subjects with the subject in an apparently 
steady state. The mixed venous o.xygen in suc- 
cessive samples varied as mucli as 0.5 volume per 
cent. With an arteriovenous oxygen difference 
of 4, this much variation would cause a 12.5 per 
cent variation in cardiac output. These same 
autliors have emphasized the care tliat must be 
taken in locating the tip of tlie catheter close to 
the tricuspid valve. Even then variations in oxy- 
gen content Iiccause of admixture of blood from 
the coronary sinus cannot be controlled. The 
collection of 2-minutc samples of air for deter- 
mining oxygen consumption introduces an error 
which probably varies considerably from subject 
to subject. In any given subject, it is difficult 
to be certain that he is relaxed and that an in- 
crease or decrease in cardiac output attributed to 



Fig. 1. The Relationship Between the Cardiac 
Output and the Arteriovenous Oxygen Difference, 
Assuming that the .Oxygen Consumption Remains 
Constant 
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an experimental procedure is not merely the result 
of variation in the degree of relaxation. 

These data demonstrate that, in normal adult 
males, the cardiac output at rest varies greatly, 
ranging from 4.2 to 14.8 liters per minute. The 
output per minute per sq. m. of body surface (car- 
diac index) ranged from 2.3 to 7.7. It was obvi- 
ous that certain of the subjects were not well 
relaxed and that, therefore, the circulation was 
hyperactive. The data from these subjects should 
not be used in determining the normal range of 
the various functions of the circulation in relaxed 
subjects under basal conditions. It was arbi- 
trarily decided to exclude from the normal relaxed 
group subjects in whom the metabolic rate was 
over plus 10 and in whom the heart rate was over 
82 beats per minute. From the analysis of the 
data on 19 studies in 18 normal subjects, the 
following range of normal values is obtained; 
Ventilation rate from 2.4 to 5.6 witli an average 
of 3.4; oxygen consumption per sq. m. per minute 
from 103 to 146 with an average of 128 ml.; 
arteriovenous oxygen difference from 3.1 to 6.1 
with an average of 4 volumes per cent; cardiac 
output per minute per sq. m. of body surface from 
2.3 to 4.1 with an average of 3.3; mean femoral 
pressure (data on 13 subjects) from 71 to 98 
with an average of 85 mm. Hg; atrial pressure 
from 0 to 85 with an average of 31 mm. of water; 
peripheral resistance from 820 to 1750 with an 
average of 1160 units. 

Coumand ct al. have reported observations on 
15 normal subjects (2). The data given there are 
recorded in the next to last line of Table I. Our 
subjects had lower pulmonaty ventilation, a lower 
oxygen consumption, and a somewhat smaller 
arteriovenous oxygen difference. A similar range 
of cardiac index is noted in the two studies. The 
average atrial jwessurc in the two scries was not 
significantly different. The values for the arterio- 
venous oxygen <HlTercnces recorded here are in 
geiier.nl .ngrecinent with those founil in normal 
subjects by McMichael .and Sharpey-Shafer (10). 

The values for tlie cardi.nc omput as measiwed 
by the catheter mctluxl arc greater tlian tho^e 
obtaincil by the acetylene technique. This lias 
Imtcii a con^i^tent finding in c.acl: o; the reO'^rter; 
scries (2. 10. in. 

A decrease in c.ardi.ac outrv.: recurre-d v.h.tn 


the body was tilted to an angle of 70° from the 
horizontal. The subjects in these experiments 
were partially supported by leaning against the 
table and therefore the experiments are not di- 
rectly comparable to those in which the subject 
has been standing relaxed, but without support. 
Grollman (11), using the acetylene method, found 
that the cardiac output was unchanged when the 
patient stood in a relaxed position. The arterio- 
venous difference increased when the patient 
stood, but the oxygen consumption also increased 
so that the cardiac output remained unchanged. 
One author (12), using the acetylene method, 
found that the cardiac output with the subject 
standing in a relaxed position averaged 9 per 
cent less than with the subject in the horizontal 
position. More recently, the same author (10), 
using the catheter technique, found that the car- 
diac output in tlie relaxed standing position was 
25 per cent lower than in the recumbent position. 
Others (13), using the ballistocardiograph to 
measure the cardiac output, found no consistent 
change when observations were made witli sub- 
jects in the recumbent and relaxed standing posi- 
tions. Our data arc not comparable because our 
subjects were partially supported and not stand- 
ing erect. 

Seven sets of obscr%-ations on 5 subjects were 
not included in the data on normal basal resting 
subjects. In 5 out of the 7 e.xpcrimcnts, the rest- 
ing pulse rate exceeded 82 heats per minute. In 
5 of the 7, the inelahoHsm was over plus 10. The 
average figures for the various aspects of the cir- 
culation in this group of subjects with some evi- 
dence of anxiety arc given in the last line of Table 
I. The average .A-V oxygen difference was 3.1. 
the average cardiac index 5.5. and the average 
peripheral resistance 827. It is of int<-Tc>t tft 
note that th.c avcr.agc oxygen consumption v. ith 
anxiety was 23 per cent greater t'nan i;? t'o- n.ore 
relaxed subjects, while the c.ardiar outp::! ’.va’. 
increased 66 per cent ah- .ve tluat fi.-.n: 1 in t’ 
re!a>;et! subjc-cts, Th.e vr.l:'’i;y <■; th-h o'> 'r'.;,- 
:i((n is supponc-d by th.e (•-. th- 2 
v.-ho;n repwr.t dttvmv.r.ri'.'h '> v 
sejner.: el.nje. In er.-:;; -uhir-:;, .-.•■x:-;y 
a much greater r;;e in > :V ;t r 
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TAJII.E I 

Obscnalions on 22 normal male suhjrrls in the horizontal position 
No food for 12 hours before expcrinient 
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Group Two — Normal subjects — Hospital patients without clinical evidence of infection 
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Group Three — Normal subjects — Hospital patients convalescing from acute infectious disease 
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Group Four — Normal subjects before venesection 
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Averae'e values obtained from 7 experiments on 5 resting subjects with evidence of anxiety 
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CONCLUSIONS 

1. Studies on the circulation were performed 
in 22 normal subjects in the basal state. Samples 
of mixed venous blood and measurements of the 
atrial pressure were obtained by inserting a cathe- 
ter through the antecubital vein into the right 
atrium. The femoral arterial pressure was re- 
corded optically by the method of Hamilton. 

2. Nineteen experiments were carried out on 
18 subjects in whom the pulse rate was not above 
82 beats per minute and in whom the metabolic 
rate did not exceed plus 10. The arteriovenous 
oxygen difference varied from 3.1 to 6.1 with an 
average of 4 volumes per cent. The cardiac in- 
dex (liters per min. per sq. meter) ranged from 
2.3 to 4.1 with an average of 3.3. The atrial pres- 
sure ranged from 0 to 85 with an average of 31 
mm. of water. 

3. Seven experiments were performed on 5 
normal subjects in whom either the pulse rate 
exceeded 82 or the metabolic rate plus 10. These 
findings were interpreted as evidence of anxiety. 
The average arteriovenous oxj'gen difference was 
3.1 volumes per cent. The cardiac index aver- 
aged S.S and the atrial pressure 29 mm. of water. 
The increase in cardiac output was out of propor- 
tion to the increase in oxj’gcn consumption. The 
rise in cardiac output occurred -vrithout any meas- 
urable change in atrial pressure. 

4. When the subject was tilted to an angle of 
70", the arteriovenous oxygen difference rose and 
the cardiac output decreased. The average de- 
crease in the cardiac inde.x when the subject was 
tilted amounted to 23 per cent. 

The autliors arc indebted to Drs. Dickinson Richards. 
Andre Conmand. and their collcaRues for instruction in 
the techniques utilised in this paper. Tliis work was 
done with the technic.ai assistance of Miss Maurice Gicse. 
Miss Eloisc Cavin. Mrs. Janet SteRcman, and Mrs. 
Jane nailcy. 


BIBLIOGRAPHY 

1. Forssmann, W., Die Sondierung des rechten Herzens. 

Klin. Wchnschr., 1929, 8, 2085. 

2. Coumand, A., Riley, R. L., Bradley, S. E., Breed, 

E. S., Noble, R. P., Lauson, H. D., Gregersen, 
M. L, and Richards, D. W., Studies of the circu- 
lation in clinical shock. Surgery', 1943, 13, 964. 

3. Coumand, A., and Ranges, H. A., CatheterizaU’on 

of the right auricle in man. Proc. Soc. Exper. 
Biol, and Med., 1941, 46, 462. 

4. Goldring, W., and Chasis, H., Hypertension and 

Hypertensive Disease. Appendix B. The Com- 
monwealth Fund, New York, 1944. 

5. Van Siyke, D. D., and Neill, J. M., The determina- 

tion of gases in blood and other solutions by 
vacuum extraction and manometric measurement. 
J. Biol. Chem., 1924, 61, 523. 

6. Ammundsen, E., Studies on presence of non-carbon- 

monoxidc-combining (inactive) hemoglobin in 
blood of normal persons. J. Biol. Oicm., 2942, 
138, 563. 

7. Roughton, F. J. W., Darling, R. C., and Root, \V. S., 

Factors affecting the determination of oxygen ca- 
pacity, content, and pressure in human arterial 
blood. Am. J. M. Sc., 1944, 208, 132. 

8. Hamilton, W. F., Brewer, G., and Brotman, I., 

Pressure pulse contours in the intact anim.")!. I. 
Analytical description of a new high-ircqucrcy 
h>-podcrmic manometer. Am. J. Physiol., 1934, 
107, 427. 

9. Coumand, A., and Richards, D. \V., Jr., Pulmonary 

insufficiency. I. Discussion of physiological classifi- 
cation and presentation of clinical tests. Am. Rev. 
Tuberc., 2941, 44, 26. 

10. ^fcMidiael, J., and Sharpcy-Sch,ifcr.' E. P.. Cardkc 

output in man by a direct Pick melho'l. Brit. 
Heart J., 1944, 6. 33. 

11. Grollman, A., The Cardiac Output of Man in Health 

and Disease. C. C. Thomas. Ikihimore. 1932. 

12. McMiducl. J., Postural changes in cardi.ac o-.tput 

and respiration in man. Quart. J. Exper. Phy.*!';!, 
1937. 27. 55. 

13. Starr, I., and Raw.son, A. J., Tl;e vertical 

cardiograph ; c.xperimenls on the ebjog'-s in ih- 
circulation on ari'ing; v.-ith .a furlh-r ;t;--'.y t: 
ballistic theory. .Am. J. Physi ;!.. K-tl, I2<. ~ '3 



THE CARDIAC OUTPUT IN PATIENTS WITH CHRONIC ANEMIA 
AS MEASURED BY THE TECHNIQUE OF RIGHT 
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Man}' patients with circulatoiy failure cither 
from hemorrhage or heart failure have anemia. 
In these patients, the cardiac output may he within 
normal limits and yet the circulation ma\’ he in- 
adequate. The question immediately arises as to 
what is the cITcct of anemia on the requirements 
of the tissues of the body for blood. Before it can 
be determined whether a given patient with ane- 
mia has an adequate circulation, it is necessary 
to know how anemia per sc aflccts the cardio- 
vascular system and what level of cardiac output 
should be expected for a given hemoglobin con- 
centration. Studies on the circulation were, 
therefore, carried out on patients with chronic 
anemia in whom the picture was not complicated 
by shock and by the marked decrease in total 
blood volume which are so often present in the 
acute anemia produced by hemorrhage. 

METHODS 

The cardiac output was measured by the utilization 
of the direct Pick principle. Samples of mi.xcd venous 
blood from the right atrium and measurements of atrial 
pressure were obtained from an inlying atrial catheter, 
introduced into the venous system through the ante- 
cubital vein (1, 2). The oxygen consumption was de- 
termined by the analysis of a 2-minute sample of expired 
air, using the method of Haldane. The metabolic fate 
was recorded as the percentage of deviation from the 
expected basal metabolism. The oxygen content of the 
blood was measured by the method of Van Slyke and 
Neill (3). A point S cm. below the 4th right costo- 
chondral junction was used as the reference point in 
reading the atrial pressure. The arterial pressure in 
the femoral artery was recorded optically by the method 
of Hamilton (4). The mean arterial pressure was meas- 
ured by planimetric integration of the area beneath the 
\tracing. The peripheral resistance was calculated by 

L 

1 The work described in this paper was done under a 
contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Emory University School of Medicine. 


the formula (2) : 

It t= (mc.-m prcsMirc in mm. Hg) X 1.332 / 

C.O. (c.irdinc output in ml. per see.) 'Z 

The ventilation was calculated as liters of air ventilated 
per min. per s(|. meter at 37“ C. and the prevailing 
barometric pressure (5). The licnioglr>I)in concentration 
was measured with a photoelectric colorimeter. Heparin 
was used as the anti-coagulant to determine the hemato- 
crit reading. 

RESULTS 

Twenty-four sets of observations were made on 
18 anemic subjects (Table I). When tlie hemo- 
globin concentration was below 7 grams per 100 
ml. and the hematocrit reading was below 20, the 
cardiac output in the resting basal state was usu- 
ally increased. In the 9 experiments in which 
the hematocrit reading was below 14 and the 
hemoglobin below 5 grams, the average cardiac 
index was 6.5. In the 5 patients with hemo- 
globin concentration between 5 and 7 grams per 
100 ml., the cardiac index averaged 4.7; in the 
5 between 7 and 9 grams, it averaged 4; and in 
the 5 patients between 9 and 13 grams, it aver- 
aged 3.1. 

At the bottom of Table I are given the average 
values for the various aspects of the circulation 
in patients with severe anemia (hemoglobin below' 
7 grams), in patients with moderate anemia 
(hemoglobin over 7 grams), and in a group of 
normal young male subjects. The cardiac output, 
the arteriovenous oxygen difference, and the atrial 
pressure readings were not significantly altered by 
moderate chronic anemia. The values for oxygen 
consumption, metabolic rate, ventilation, femoral 
arterial pressure, and pulse rate tended to be 
slightly higher in the moderately anemic than in 
the normal control group. This is probably not 
the result of moderate anemia, but of different 
criteria used in selecting the persons composing 
the two groups. The moderately anemic subjects 


332 



CARDIAC OUTPUT IN PATIENTS WITH CHRONIC ANEMIA 


333 


were a heterogeneous group of patients of vary- 
ing ages in whom minor degrees of vascular dis- 
ease may have been present and in whom it was 
impossible to eliminate a certain amount of ap- 
prehension connected with the experiment. For 
these reasons, the moderately anemic group is a 
better control series to determine the effects of 
anemia on certain aspects of the circulation than 
is the group of carefully selected normal males. 
In the severely anemic patients, the diastolic and 
mean arterial pressures and the peripheral resist- 
ance were lower than in the moderately anemic 
subjects. There was no significant difference in 
the atrial pressure readings in the two groups. 

To be certain that the differences observed 
between the patients with moderate and severe 
anemia were actually caused by anemia and were 
not the result of anxiety or of chance selection 
of patients who normally had a hyperactive cir- 
culation, observations were made on 4 very ane- 
mic subjects before and after tlie hemoglobin level 
had been doubled by transfusions or by the ad- 
ministration of liver extract. The pulse rate 
always fell, the systolic and diastolic arterial pres- 
sures rose, the atrial pressure either remained 
unchanged or increased, and there was a dramatic 
increase in peripheral resistance. The arterio- 
venous oxj'gen difference always increased and 
the cardiac output decreased. These studies con- 
firm the trends observed in comparing the circu- 
lation of normal subjects with the circulation of 
anemic patients. 

DISCUSSION 

When the hemoglobin concentration falls be- 
low 7 grams per 100 ml., requirements of the 
body for blood arc increased (Figure 1). At 
low levels of hemoglobin, one observes that circu- 
lator)- insufTicicncy develops while the cardiac out- 
put is still markctlly above that found in normal 
subjects under similar conditions. For this rea- 
son, the finding of a nonruil cardiac output docs 
not necessarily inc.an that a given patient is not 
in shock. The output must be cmluatcd in terms 
of the requirements of the ImvIv for blo>>.5. An 
an.alogous situation is found in certain patients 
with congestive b.eart failure and .anemia. Con- 
gestive failure may o-^cur while the b.eart is pv.mp- 
ing iv.ore titan tlic usual amount o: bhfod. A 


cardiac output which is sufficient for a normal 
resting subject is insufficient for the anemic sub- 
ject at rest and signs of congestive failure develop. 

The heart rate tended to be elevated in anemia, 
but there was no obwous relationship behveen 
the pulse rate and the cardiac output in tlie series 
as a whole. In the 4 patients who were studied 
before and after increasing the hemoglobin level, 
both a fall in heart rate and cardiac output 
occurred. 

There was no correlation between the atrial 
pressure and the cardiac output in these patients. 
In spite of the marked increase in cardiac output, 
there was no significant rise in atrial pressure. 
In 2 of the subjects who w'ere studied before and 
after therapy for the anemia, the atrial pressure 
tended to rise as the volume of red cells increased 
and the cardiac output decreased. These data 
are in accord with our obsen-ations on moderate 
blood loss in which it was demonstrated that, 
within a certain range, the atrial pressure could 
be varied witliout changing the cardiac output 
(6). It was also found tliat anxiet)- caused a 
marked increase in cardiac output witliout an 
accompanying rise in atrial pressure (7). 

The data reported here are in accord with other 
observations recorded in the literature. In a 
study of the effects of bleeding on the cardiac out- 
put in dogs, two workers (S) noted that indi- 
vidual dogs reacted to comparable degrees of 
anemia with considerable difference in the degree 
of increase in cardiac output. They state that in 
many animals a hemoglobin level of 60 to 70 per 
cent did not cause a rise in output, but that in 
others, with much milder anemia, the cardiac out- 
put was incrca.scd. They suggest tl’.at the more 
rapidly a given degree of anemia is produced the 
more is the output of the heart increased. 

There has been no uniform agreement as to t!-.'- 
level to which the hemoglobin c.oncer.trati' r. mils 
before the cardiac output is flcr!!'.i!e'y 
One author (9) noted no increase in c.ardic-r i 
put until the b.cmoglrddn tc'l to ari -.md j-'r 
cent. Another (10) fr.-.m! a !y,-]-'.r.-.--*.ivr 
iation vvhen tb.e in C' !»-! •.'. J'.' '^r 

cent. Still others (11) l-hrse! thm a 
ably less de-gree of anmnir. rr.'-:: 

rise in carci,*,: cv-trut. Ir, r-ir t' 

coasister;: in.-.-eme in cr.r h:.: > -;t; ;t v ;!• - 



Observations on the circulation in 18 patients with chronic anemia 
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4 6 8 10 12 14 16 18 20 22 

ARTERIAL OXYGEN CONTENT VOLUMES PERCENT 


Fig. 1. Relationship Between the Cardiac Index and the 
Oxygen Content of the Arterial Blood 


hemoglobin concentration was less than 7 grams 
per cent. This corresponds to a hemoglobin of 
around 50 per cent. 

SUMMARY 

1. Twenty-four sets of data were obtained on 
18 anemic subjects. Atrial pressure readings and 
samples of mixed venous blood for determination 
of the cardiac output were obtained through a 
catheter introduced into the right atrium. The 
femoral arterial pressure was recorded optically 
by the method of Hamilton. 

2. No consistent change in the circulation was 
obser\'cd when the hemoglobin level was above 
7 grams per lOD ml. Below tb.at level, the cardiac 
output at rest uua incrc.a5ed. the arteriovenous 
oxv’gcn diffcTcnce and the peripheral rciistancr 
were decriea<C'd. Tlic atria! prc--'=urc v.as net 
ch.a’.;g<xl. 


3. In 4 patients, observations were made before 
and after the hemoglobin had been doubled by 
transfusion or by the administration of liver ex- 
tract. In each patient, the pulse rate fell, the 
diastolic and mean arterial prc.ssurcs and }'>erip!i- 
eral resistance rose, and the cardiac output 
decreased. 

4. When the hemoglobin level balls hdow 7 
grams per lOD ml., the requirements o: the bsvly 
for blood arc increased. This explains why ane- 
mic subjects may l:.avc a’rcul.atoty infuffirictrey 
manifested by either sh.sck or heart :a:h.;rc, v.h.ile 
the heart is pumping .ai tnuch. »<r nU'Se h!'-.! .a‘ 
wculd be re^juire-l by .a n' rm.'.l * i.-n d-r 
similar conditions. 
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THE EFFECT OF VENESECTION AND THE POOLING OF BLOOD IN THE 
EXTREMITIES ON THE ATRIAL PRESSURE AND CARDIAC 
OUTPUT IN NORMAL SUBJECTS WITH OBSER- 
VATIONS ON ACUTE CIRCULATORY 
COLLAPSE IN THREE INSTANCES " 

By J. V. WARREN, E. S. BRANNON, E. A. STEAD, JR., and A. J. MERRILL 

(From the Medical Service of Grady Hospital and the Department of Medicine, 

Emory University School of Medicine, Atlanta) 
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The mechanisms by which the body compen- 
sates for a decrease in blood volume have not been 
thoroughly studied in man. All physicians are 
aware that from 500 to 1000 ml. of blood can be 
removed from a person of average size without 
producing any symptoms, if the body is hori- 
zontal. If the blood is removed rapidly, hemo- 
dilution plays little part in the immediate adjust- 
ment. Do the arterioles constrict, maintaining 
the arterial pressure at a normal level at the ex- 
pense of blood flow to tlie tissues? Is the atrial 
pressure maintained at the normal level by venous 
constriction? Or is it possible that up to a cer- 
tain point, tlie heart can function effectively with 
a falling atrial pressure so that the circulation 
can be maintained without eitlter arteriolar or 
venous constriction in spite of a moderate de- 
crease in blood volume? 

The purpose of this paper is to describe tlie 
changes in the circulation in normal subjects 
caused by moderate loss of blood from the body, 
citlicr as the result of venesection or by pooling 
blood in the extremities through the application 
of venous tourniquets. During the e.\pcriments, 
acute circulator)- collapse (primar)- shock) oc- 
curred in three instances and quantitative obscr- 
v-ations were made on the changes occurring in 
tlie circulation. 

MUTHODS 

Mcilical students, pbysieians, and p.aid volunteers 
served as subjects. Tiiey had not eaten for the pre- 
ce»!ing 12 hours and ib.ey rested in the horironta! posi- 
ti(in for at least oO minutes t’eiorc the es;t*eriment l»egan. 


'The tvork dc<crit>eJ in this paper was dme endrr e 
co'.tr.W't. reCiXT'.merrd'Al by the Cen-.mittee on Meliral 
Ive'earc'). t>etween the Oni-.-e oi S-i-mihe Kes-arrh i.-ad 
l)r\rh-;-me:-.t and the Fam-ry Universi-.r Fth,-..; <,f 


A catheter was introduced through the antecubital 
vein into the right atrium for obtaining samples of mixed 
venous blood and for recording the mean atrial pressure 
in mm. HiO (1, 2). In the subjects who were to be 
bled, a needle was placed in the femoral artery for re- 
cording the arterial pressure (3) and for obtaining 
samples of arterial blood. The mean arterial pressure 
was measured by planimctric integration of titc area be- 
neath the tracing. When tourniquets were applied to 
the upper thighs, arterial blood was not obtained. In 
these cases, a sample of atrial blood was saturated with 
oxygen and its oxygen content determined. It was as- 
sumed that the arterial blood was 93 per cent saturated. 
At the u'me each cardiac output was measured, tlie figure 
for the o.xygen content of the arterial blood was changed 
in proportion to the change in the hemoglobin concen- 
tration or hematocrit reading of the sample of atrial 
blood used in calculating the cardiac output at that par- 
ticular time. Two-minute samples of expired air were 
collected in Douglas bags and their oxygen and carbon 
dioxide contents were determined by the method of 
Haldane. 

The oxygen content of the blood wa.s measured by tlie 
method of Van Slyke and Neill (4). Heparin was the 
anticoagulant used for hematocrit determinations. The 
peripheral resistance was recorded in alisolulc units by 
the formula: 

„ Pm (mean pressure in mm. Hg) X 1332 

R “ -T V, - . • , r- 1 ; r" (3' 

L.O. (cardiac output in ml. per sec.) 
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70.8 

1.84 

Control 

4.6 

181 

18A 

15.6 

2.9 

11.5 

6.2 

165/87 

115 

107 

40 

800 



Removal 500 ml. blood 

4.9 

173 

17.1 

14.2 

2.9 

11.1 

6.0 

140/81 

101 

100 

-10 

727 




Blood returned 

4.8 

154 

17.5 

15.1 

2.4 

12.2 

6.6 

137/79 

99 

lOO 

50 

656 

WB 

7S.8 

1.93 

Control 

2.6 

146 

20.2 

18A 

1.9 

14.8 

7.7 

128/66 

88 

100 

0 

475 



Removal 500 ml. blood 

3.0 

144 

20.2 

16.8 

3.4 

8.1 

4.2 

128/71 

88 

90 

-30 

868 

IR 

72.6 

1.84 

Control 

4.6 

160 

18.4 

15.5 

2.9 

10.2 

5.5 

167/94 

123 

88 

30 

786 



Removal 800 ml. blood 

4.7 

177 

17.8 

13.7 

4.1 

7.9 

4.3 



5 





After 500 ml. gelatin solution 

4.6 

157 

15.8 

12.5 

3A 

8.8 

4.8 




40 



relaxed. The average decrease in atrial pressure 
was 38 mm. H„0. In subject ES, after removal 
of 700 ml. of blood, the pulse rate increased 7 
beats per minute and the oxygen consumption 
rose. The arteriovenous oxygen difference be- 
came less and the cardiac output was considerably 
increased in spite of a decrease in atrial pressure 
of 55 mm. HgO. The mean femoral arterial 
pressure did not change and the peripheral re- 
sistance was considerably decreased. It was felt 
that the rise in cardiac output resulted from ap- 
prehension induced by the removal of blood. In 
subject WM, only 300 ml. of blood were removed. 
The atrial pressure fell 20 mm. -HjO, but there 
was no significant change in the arteriovenous 
oxygen difference, oxygen consumption, cardiac 
output, mean arterial pressure, or peripheral re- 
sistance. In subject WLM, the atrial pressure fell 
35 mm. HgO after the removal of 500 ml. of blood. 


The arteriovenous oxygen difference increased 
0.3 volume per cent and the cardiac output fell 
0.4 liter per minute. These changes are not 
significant. 

In subject CG, the atrial pressure fell 30 mm. 
H„0 after the removal of 500 ml. of blood. Im- 
mediately thereafter the heart rate had risen from 
72 to 76 and the mean arterial pressure had fallen 
from 96 to 90 mm. At this time, blood pressure 
cuffs which had been previously applied to the 
upper thighs were inflated to SO mm. Hg. In a 
short time, the subject became pale and began to 
sweat. The tourniquets were immediately re- 
leased, but the pallor became more marked and 
nausea began. The subject remained conscious, 
but he hyperventilated until his hands and feet 
felt numb. The heart rate had fallen to 48 beats 
per minute and the mean arterial pressure had 
decreased from 90 to 37 mm. Hg. The cardiac 
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output had fallen from 6.6 to 6.0. This is not a 
significant change. The peripheral resistance was 
strikingly lowered. Because of the hyperventila- 
tion, the atrial pressure reading was not entirely 
satisfactory. A reading of 25 mm. H 2 O was re- 
corded. This would, mean a rise rather than a 
fall in atrial pressure during the circulatory' col- 
lapse. Thirty minutes later the subject had re- 
covered. The atrial pressure was 10 mm. lower 
than the control reading and the mean arterial 
pressure remained appreciably depressed. The 
oxy'gen consumption had decreased, and the ar- 
teriovenous oxygen difference and the cardiac 
output were essentially the same as before the 
venesection. 

Subject WP was being bled for the third time. 
The atrial pressure was lowered 50 mm. H,0 by 
a venesection of 900 ml. Observations made im- 
mediately after the removal of the blood showed 
no change in the circulation except a rise in pulse 
rate. Nine minutes later the subject became 
ashen, began to sweat, and complained of nausea. 
The atrial pressure rose above the level recorded 
immediately after bleeding. The heart rate 
slowed, the mean pressure fell from 100 to 56 
mm. Hg, and the peripheral resistance decreased 
SO per cent. The oxygen consumption, the ar- 
teriovenous oxygen difference and the cardiac 
output remained unchanged. Five hundred ml. 
of gelatin solution were given intravenously. 
The patient developed urticaria and hemodilution 
did not occur. The atrial pressure remained low, 
the mean arterial pressure and the peripheral re- 
sistance were depressed, the metabolism rose 
somewhat, and tlie cardiac output remained 
unchanged. 

Effect oj rciicscciwu in subjects xcith hyper- 
ccth'c cireulaliott. Five venesections were per- 
fonned on 4 subjects who had hyperactive cirada- 
tions before the venesections. Five hundred ml. 
(S09 ml. from IR) of blood were removed caclt 
time and the average fall in atrial pressure was 
3S mm. H.O. 

The first 2 c-xperiments were c.arricd out on 
S’.ihjcct \^’P. On October 25, IP-bl, the venesec- 
tion was followed by .-.elite circul.atorv collaroe. 
This v.as not as severe as recurred in tb.c same 
subject on February 16. ]9'.4. Tiic atrial pressure 
was nr-t mea^urr i .after tb.e venesection. T:;e 


ence increased, and the cardiac output remained 
unchanged. As in the other 2 instances of acute 
circulatory collapse, the heart rate slowed, tlie 
systolic and diastolic pressures and the peripheral 
resistance fell. The blood was returned to tlie 
subject and measurements of tlie circulation 
showed the mean arterial pressure still to be 
somewhat depressed and the cardiac output to 
have fallen slightly'. The change in cardiac out- 
put, which is probably not significant, may' have 
been the result of progressive relaxation of the 
subject, rather than of a change in blood volume. 
On December 2, 1943, the experiment was re- 
peated. The control cardiac output was greatly 
increased above the expected resting level. Vene- 
section produced a fall in atrial pressure of 45 
mm. H-O with an increase in heart rate of only 
4 beats per minute. There was no change in 
cardiac output, mean arterial pressure, or periph- 
eral resistance. The blood was returned without 
any significant change, except that the atrial pres- 
sure returned to the control level. 

In subject JT, the remo\’al of 500 ml. of blood 
caused a fall in atrial pressure of 50 mm. H.O 
without any change in cardiac output. The heart 
rate decreased 7 beats per minute and the mean 
arterial pressure fell 14 mm. Hg. These changes 
were attributed to lessened apprehension, rather 
than to changes in blood volume, i)ecause they 
persisted after llic blood was returned to the sub- 
ject and the atrial pressure bad risen to the level 
prior to bleeding. There was a progrc.'sivc fall 
in oxygen consumption which was attributed to 
lessening of anxiety. 

In subject \VB, the atrial pressure fell 30 mm. 
HjO. The heart rate dccrc.ascd 10 l>cats per min- 
ute. Tlie cardiac output fell fmm I4.tS to F.l 
liters per minute and the periphcr.nl rr.riMan'e 
doubled. It was felt tliat tlic high cardiac outr ur, 
the fa.st pulse rate, and the low pcripl'.cm! 
ance were other rr.anifc.'tations o: the nervf-:- 
tension which tl'.e subject c.x!;;! dtirir.g 
c.vpcrimcnt. Ti;e question rr-'f .-,c ■.•.' •••.'.-r 

th.c cardiac output (b'.'rra'r-: I''-,'.-.-; '- ti e r.tr : 
pressure drcrr.i'''!. fr - ‘u' j'-t 

more relaxed. Fevera' rr.-'-.tl:-. lat'-r :;;r 
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suggest that the change in cardiac output noted 
in the first experiment was caused by relaxation, 
rather than bj' the vcnc.sccfion. 

In the eighth subject (IR), the atrial pressure 
fell 25 mm. H„0 and the cardiac output fell from 
10.2 to 7.9 liters per minute. The cardiac output, 
after the venesection, was slightly above the ex- 
pected resting value and again the question rose 
as to whether the fall resulted from the vene- 
section or from relaxation because the venesection 
was completed. Five hundred ml. of gelatin solu- 
tion were given intravenously and the atrial pres- 
sure returned to the control level. The cardiac 
output was between the value obtained before 
and that obtained immcdiatclj', after venesection. 

Effects oj venous tourniquets. In 4 subjects, 
studies on the circulation were made before and 
after the inflation of venous tourniquets applied 
to the proximal portions of the thighs. The pres- 
sure in the tourniquets ranged from 70 to 80 
mm. Hg. In subject CB, the atrial pressure fell 
50 mm. HjO. At the end of 10 minutes, the 
arteriovenous oxygen difference had increased 
and the cardiac output had decreased. The tour- 
niquets were released and the atrial pressure re- 
turned to the control level. Fifteen minutes later, 
the arteriovenous oxygen difference and the car- 
diac output were at the level which they had 


reached while the tourniquets were inflated. In 
subject PM, the atrial pressure fell 35 mm. 
The arteriovenous oxygen difference decreased 
and the cardiac outf)ut may have increased slightly. 
After the release of tourniquets, the changes in the 
arteriovenous oxygen difference and cardiac out- 
put persisted. In subject JC, the atrial pres- 
sure fell 40 mm. The arteriovenous oxygen dif- 
ference increased and the cardiac output tendcfl to 
fall. In subject SL the atrial pressure fell 65 
mm. The metabolism increased so that the car- 
diac output was increased, though the arterio- 
venous o.xygen difference remained unchanged. 

The pooling of blood in the extremities pro- 
duced a fall in atria! pressure equal to that pro- 
duced by the removal of 500 to 1000 ml. of blood 
bj' vcnesectioti. This was to be expected from 
earlier data (6) which showed that between 500 
and 900 ml. of blood may be pooled in 2 lower 
and 1 upper extremities by the use of venous 
tourniquets. As in the bleeding experiments, 
there was no demonstrable correlation between 
the atrial pressure and cardiac output. The data 
on subjects CB and PM demonstrate the fact 
that erroneous conclusions may be drawn unless 
determinations are made before, during, and after 
the application of tlie tourniquets to exclude psy- 
chic effects. 


TABLE II 

The effect on the circulation of pooling blood in the extremities by venous tourniquets 
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CB 

68.9 

1.90 

Control 

2.3 

123 

18.6 

15.6 

3.0 

7.8 

4.1 

IwiT 

68 

40 

Tourniquets on 10 min. at 70 mm. Hg 

2.3 

118 

19.2 

15.1 

4.1 

5.5 

2.9 

Hill ^ 

72 

-10 




IS minutes after release 

2.5 

127 

19.1 

14.9 

4.2 

5.7 

3.0 


64 

35 

PM 

69.6 

1.78 

Control 

3.8 

143 

19.6 

15.6 

4.0 

6.4 

3.6 

120/64 

73 

25 

Tourniquets on 6 min. at 80 mm. Hg 

3.7 

141 

19.1 

15.5 

3.6 

6.9 

3.9 


1 

-10 




5 minutes after release 
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3.6 

6.9 

3.9 
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JC 

56.2 

1.69 

Control 

4.0 

130 

18.5 

13.8 

4.7 

4.7 

2.8 

120/63 

58 

25 . 

Tourniquets on 7 min. at SO mm, Hg 

4.3 

129 

17.9 

12.6 

5.3 

4.1 

2.4 
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SL 

66.2 

1.76 

Control 

3.0 

114 

16.8 

13.5 

3.3 

6.2 

3.5 


64 

80 

Tourniquets on 6 min. at 80 mm. Hg 

3.4 

130 

16.8 
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6.7 
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DISCUSSION 

The removal of blood in 300 to 900 ml. quanti- 
ties, by venesection or the pooling of blood in the 
extremities by venous tourniquets, caused a con- 
sistent fall in the atrial pressure. There was no 
close correlation between the removal or pooling 
of blood with any other function of tlie circulation 
which was measured. When the resting heart 
rate was slow, it usually rose slightly. The mean 
arterial pressure, the peripheral resistance, the 
arteriovenous oxygen difference, and the cardiac 
output showed no consistent changes. As pointed 
out previously, the method used in these studies is 
not sufficiently accurate to detect small changes in 
cardiac output; but no difficulty was encountered 
in demonstrating the 20 per cent decrease in 
cardiac output produced by tilting subjects to the 
erect position ( 10) . 

The question arose as to whether the effective 
atrial pressure actually fell as the blood was re- 
moved in moderate amounts. Could it be that 
the intrathoracic pressure showed a simultaneous 
fall as blood was removed, so that in spite of the 
apparent fall in atrial pressure the effective filling 
pressure remained unclianged? It has been 
shown that venous tourniquets decrease the 
amount of blood in the thorax (7). The intra- 
thoracic pressure was therefore measured directly 
in subject ES, who had previously been shown 
to have a decrease in atrial pressure without a fall 
in cardiac output. The application of venous 
tourniquets caused a fall in atrial pressure of 70 
mm. H;0; the intrathoracic pressure laricd be- 
tween 0 and - 1 cm. of H.O before and 0 and 
— 2 cm. H,0 after the inflation of the tourni- 
quets. It was concluded, therefore, that the fall 
in atrial pressure was not compensated for by a 
considerable increase in negative intrathoracic 
pressure. 

The ntri.al pressure w.as recorded optically bv 
the method of Hamilton, before and after the 
venesection. The lowcret! mc.in pressure i\-as not 
accompanied by a rise in tb.c atrial systolic 
pressure. 

From the.<e data, it appears that the nomxil 
atria! pressure is .somewh.-.t in excess of th.at rc- 
qnirct! to fdl the ventridc a! rest, and that, there- 
fore, a moderate s.il! in atrial pressure cart occur 
,"!iv rt ir. czT\.]It,c 


The fact that there was no evidence of general- 
ized arteriolar vasoconstriction after the removal 
of a moderate amount of blood came as no sur- 
prise. Plethysmographic studies had failed to 
show any change in blood flow of the forearm as 
blood was pooled in the lower extremities by 
venous tourniquets (8). Furthermore, the fact 
that the ordinary donor suffers no inconvenience 
after tlie removal of 500 ml. of blood, and shows 
no clinical signs of poor tissue blood flow during 
the time his blood volume is depicted, is strong 
argument against a significant degree of arteriolar 
constriction with resultant ischemia of the tissues. 
Because of these observ-ations, we taught our stu- 
dents that constriction of the veins and venules 
was the probable compensatoiy* mechanism which 
maintained the atrial pressure and cardiac output 
at a constant level as the blood volume was de- 
creased. To our surprise, it appears that no 
compensator)- mechanism e.xists to maintain a 
constant atrial pressure within the obseri-cd limits. 
The heart seemed able to pump blood normally 
with a falling atrial pressure. This was true even 
when the cardiac output had been greatly cki-atcd 
by anxiet)'. It is to be emphasized that these 
obsen-ations were all made on subjects from 
whom relatively small amounts of bloorl had been 
removed. In massive hemorrhage, various com- 
pensator)’ mechanisms and a fall in cardiac out- 
put can be demonstrated. 

This lack of correlation between cardiac output 
and atrial pressure M-as noted in comparing the 
cardiac output of patients with severe anemia 
with that of nonnal subjects. .*\ 100 per cent 
increase in cardiac output occurred without n 
significant ch.nngc in atria! pressure ("9). Like- 
wise, in a study of normal subjects, it w.as note<l 
that anxiety caused n striking ri-c in rardi.cc '>t;t- 
put without a rise in .atri.a! j>rcs<.'.irc HO). 

In a study of tiic effect.'^ of h.crn’''rri'..i;:c frri 
mal subjects, certain investigators (11) fr.-n:'! 
only sligiit clianges in b;'.''»'l yrc---.;re. y.:'"- rz”*. 
and baliictocardiegr.'.pk. trr.'.rin-.: after t:;- rr:;-. .-.-.d 
of 500 to lOOO f.t I h-d. Whi*- t;;-y dr ! : ■ t 
the .atri.!! prr--:;re. v.r c:.r. e-rt,--! 

from f-.:r ob erv;.!;- a- :’'.::t -nra.hrt I’-d ••• r • 
removed to cr-mr a '.ant t’ 
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of blood caused a parallel fall in cardiac outi^ut 
and atrial pressure. These authors used the 
catheter technique for obtaining blood samples 
and pressure readings from the right atrium. 
The)' also found that lowering of the atrial pres- 
sure by application of venous tourniquets to the 
thighs caused a parallel fall in atrial pressure and 
cardiac output. These same authors noted that 
epinephrine caused an increase in cardiac output 
in the presence of a falling venous pressure. 

The acute circulatory collapse which developed 
on 3 occasions during our observations was char- 
acterized by a marked fall in systolic, diastolic, 
and mean arterial pressure, without a demon- 
strable change in cardiac output. The venous 
side of the circulation did not seem to be affected. 
In the one e.xperiment in which satisfactory meas- 
urements were made repeatedly, the atrial pres- 
sure, with the onset of the circulatory collapse, in- 
creased above the level to which it had fallen im- 
mediately after the venesection. In 2 experiments, 
the arteriovenous oxygen difference increased, but 
as the oxygen consumption also increased, the 
cardiac output remained unchanged. It might be 
argued that the rise in metabolism without a cor- 
responding rise in cardiac output produced a state 
of relative circulatory insufficiency, despite the fact 
that there was no actual fall in the cardiac output. 
In the third instance, however, the metabolism did 
not rise. 

One worker (13) has made observations on 
the atrial pressure and cardiac output' in one sub- 
ject who developed acute circulatory collapse 
after the removal of 900 ml. of blood. "The blood 
pressure fell from 110 to 58 and the pulse from 
82 to 50. During the . faint the right atrial pres- 
sure rose by 2 cm. from the low level reached at 
the end of the hemorrhage. The cardiac output 
also rose slightly (3.2 to 3.6 liters per minute).” 
He concluded that this type of circulatory failure 
is due to a sudden loss of peripheral resistance 
(presumably arteriolar tone). Further observa- 
tions on 7 subjects have supported this conclu- 
sion (14). 

It is probable that the venesection had nothing 
to do with the circulatory collapse in the subjects 
reported here, except inasmuch as it served as 
a psychic and reflex stimulus. The data demon- 
strated that the venesection of this size does not 
cause a fall in cardiac output. Observations in 


many laboratories and blood donor centers have 
shown that this type of circulator)' collapse fre- 
quently occurs before any blood is withdrawn. 

Ilecausc of the marked fall in arterial pressure 
and the striking pallor, we were surprised to find 
that the cardiac output had not fallen. The fact 
that the cardiac output with the subject in the 
horizontal position rcmaincfl unchanged with 
acute circulatory collapse may be the reason that 
this type of circulatory disturbance is so benign. 
On standing, these subjects are very apt to lose 
consciousness. Whether this results from a more 
striking arteriolar dilatation with too low a pres- 
sure to raise blood to the head, or from venous 
pooling with a subsequent fall in atrial pressure 
and a further decreased arterial pressure, be- 
cause of a drop in cardiac output, has not been 
detennined. 

The question arises as to whether the fall in 
arterial pressure causes the pallor, epigastric dis- 
tress, sweating, weakness, and nausea, or whether 
both the decrease in arterial pressure and the 
other symptoms are the result of intense stimula- 
tion of the autonomic nervous system from reflexes 
arising either in a part of the body or from emo- 
tional content of thought. Clinical observations 
have shown that the pallor, epigastric distress, 
sweating, weakness, and slow pulse rate may, or 
may not, be accompanied by a marked fall in arte- 
rial pressure. It has also been noted that these 
symptoms may persist long after the arterial pres- 
sure has returned to normal or has been raised by 
the administration of vasoconstrictor drugs. The 
sudden circulator)' failure produced by heart block 
from organic disease, or by cardiac standstill from 
carotid sinus pressure, is not associated with nau- 
sea or sweating, though moderate pallor may 
occur. Patients with true orthostatic hypoten- 
sion have a striking fall in arterial pressure when 
they stand, which may be sufficiently severe to 
cause unconsciousness. This fall in arterial pres- 
sure is a true postural effect and is not appreciably 
influenced by emotional stimuli. These patients 
do not show pallor, sweating, or nausea as the 
arterial pressure falls (15). After an anaphy- 
lactic reaction or after a bout of fever, the arterial 
pressure may be markedly lowered without the 
other symptoms which commonly occur with acute 
circulatory collapse. All of . these observations 
support the assumption that the entire syndrome 



EFFECT OF VENESECTION ON CARDIAC OUTPUT 


343 


of pallor, nausea, weakness, sweating, slow pulse 
rate, and fall in arterial pressure results from 
reflex stimulation of the autonomic nervous sys- 
tem and that the fall in arterial pressure accom- 
panies, rather than causes, the other symptoms. 

The above hypothesis does not explain certain 
other observations. Standing upright makes sub- 
jects much more likely to have acute circulatory 
collapse. Indeed, after the collapse has occurred 
and the patient has recovered in the horizontal 
position, it is frequently possible to reproduce the 
syndrome by motionless standing. Furthermore, 
in patients who have bled profusely, syncope can 
be easily induced by tilting the subject with the 
feet down. It is usually preceded by pallor, 
sweating, nausea, and a sharp fall in arterial pres- 
sure. In the past, we have wondered whether 
the symptoms, as w'dl as the syncope, were pro- 
duced by cerebral ischemia, resulting from a 
diminished cardiac output because of a decreased 
venous return secondary to venous pooling from 
gravity. It may be that the situation is much 
more complex and that under certain conditions 
standing causes an increase in activity of the 
autonomic nervous system, irrespective of a fall 
in cardiac output. If this produced a marked 
decrease in peripheral resistance and the arterial 
pressure became verj' low, syncope would occur 
from cerebral ischemia. This problem needs 
further study. 

The realization that the circulatory collapse 
with the subject in the horizontal position is pri- 
marily a sudden reflex loss of peripheral resist- 
ance, and not circulator)* failure secondary* to a 
decrease in venous return, stimulates one to renew 
the search for effective drug therapy to prevent 
its occurrence in donors. Our impression is that 
a trial of therapy directed toward a lessening of 
generalized autonomic activity, rather than to- 
ward a production of arteriolar constriction, 
would lx; worthwhile. 

SUMM.*.RV AND CONCUVSIONS 

1. The effect on th.c circulation o; ih.e rc.*no*.-al 
of 300 to fXK) ml. of hlexvi by venesection and the 
effect of pooling oi blo(xi in tb.c c-xtrentities bv 
tl’.c venous touniiqucts were studied in 12 normal 
tiiales, Tl'.c atrial prcs^’a'c readings and the sam- 
ples C'f n.tixcd venous blix'-l for n-.eas*urir;r the 


cardiac output were obtained through a catheter 
introduced into the right atrium by -way of the 
antecubital vein. The femoral arterial pressure 
was recorded optically. 

2. Venesection and the application of venous 
tourniquets caused a fall in atrial pressure from 
20 to 65 mm. HjO. There was no consistent 
change in cardiac output, mean arterial pressure, 
or peripheral resistance. Returning the blood by 
transfusion or by releasing the venous tourniquets 
was followed by a return of the atrial pressure to 
the control level without any cliange in the cardiac 
output. 

3. The data suggest that the normal atrial pres- 
sure with the subject in the recumbent position 
is somewhat in excess of that required to fill the 
ventricles and that a decrease in blood volume of 
the degree reported here produces a lowering of 
atrial pressure without interfering with ventricu- 
lar filling. These obser\*ations obviously do not 
apply to massive hemorrhage. 

4. Acute circulatory* collapse appeared in 3 in- 
stances. The subjects became pale, sweated pro- 
fusely, and complained of nausea and weakness. 
The pulse rate slowed strikingly. The atrial pres- 
sure increased, the cardiac output remained un- 
changed. There was a marked fall in the arterial 
pressure and peripheral resistance. The circula- 
tory collapse appeared to be the result oi a sud- 
den decrease in peripheral resistance because of 
reflex vasodilatation, presumably in the arterioles. 
There was no e\*idence of a decreased vcno'js re- 
turn. 

This work was done with the technical assitotnee of 
Miss Maurir.e Giesc, Miss Eloise Cavin. Mrs. Janet 
Stegeman, and Mrs. J,ar.e Bailey. 

BIBLIOGR.APHY 

1. Ccaroar.d, .A„ and Ranges. !i. A.. Catheterirati-n e ! 

the right a*ariclt in man. Prc<. TLx'i^t, P.- '’. 
a.*3d Med. IWl. 

2. GoMring. V.\ and Q'-i'is. H.. i;j-;.-rt-ndm s-.d 

Hypertrn'ivc D;'-a»e, Atrc.-dic H, Tb- C'™- 
mon-.vea!’.h. Fond. N’ev.- Y.-eV, T-rt 





4 5:;W. I> U. N''-'. J. 



344 


J, V. WAURI'N, K. <5. IlUAKKON*, V.. A. STI'.AIj, JH., AKl) A. J. J.fKRKir.r. 


vacuum extraction and manomctric measurement. 
J. Biol. Chcin., 1924, 61, 52.3. 

5. Cournand, A., Rilcj% R. L., Bradley, S. E., Breed, 

E. S., Noble, R. P., Entison, II. D., Grcfrcr.son, 
M. I., and Ricliards, D. W., Studies of the circula- 
tion in clinical sliock. Snrpcry, 1943, 13, 964. 

6. Ebert, R. V., and Stead, E. A., Jr., The effect of the 

application of tournlc|uets on the lieniodyn.imlc.s of 
the circulation. J. Clin. Invest., 1910, 19, 561. 

7. Hamilton, \V. F., and MorRan, A. B., Mechanism 

of postural reduction in vital capacity in relation 
to orthopnea and storage of blood in lunRS. Am. 
J. Physiol., 1932, 99, 526. 

8. Warren, J. V., and Stead, E. A., Jr., Unpublished 

observations. 

9. Brannon, E. S., Merrill, A. J., Warren, J. V., and 

Stead, E. A., Jr., The cardiac output in jiatients 
with chronic anemia as measured by the tcchniQue 
of right atrial catheterization. J. Clin. Invest., 
1945, 24, 332. 

10. Stead, E. A., Jr., Warren, J. V., Merrill, A. J., and 


Brannon, E. S., The cardiac output in male .sub- 
jects as measured by the terhnique of right atrial 
rafhctcriralion. Norm.al v.ahics with observations 
on the effect of an.xicty .and tiltifig. J. Clin. In- 
vest., 1945, 24, 326. 

11. Shenkin, H. A., Cliciicy, R. H., Gnvons, S. R., and 

Starr, I., Effects of acute hemorrhage of known 
amount on the circulation of csscnti.ally normal 
jiersons. Am. J. M. Sc., 1943, 205, 806. 

12. McMichacl, J,. and Sharpey-Schafer, E. P., Cardi.ac 

outjiut in man hy a direct f'ick method. Brit. 
Heart J., 1944, 6, 33. 

13. Mc^fichacl, J., Clinical asficcts of shock. J. A. M. 

A., 1944, 124, 275, 

14. Barcroft, II., Edholm, O, G., McMichacl, J., Sharpey- 

Schafer, E. P., Posthacmorrhagic fainting: sltidy 
hy cardiac output aud forearm flow. I.nncct, 1944, 
1. 4S9. 

15. Stcafl, E. .A., Jr., and Elbert, R. V., Postural hypo- 

tension; a disease of the sympathetic nervous .sys- 
tem. Arch, Int. Med., 1941, 67, 546. 



the importance of compensating vasoconstriction in 

UNANESTHETIZED AREAS IN THE MAINTENANCE OF 
BLOOD PRESSURE DURING SPINAL ANESTHESIA " 


By C. NEUMANN, A. D. FOSTER, JR., and E. A. ROVENSTINE 

(^From the Hospital of the Rockefeller Institute for Medical Research, and the Division of 
Anesthesia, Bellevue Hospital, New York City) 

(Received for publication 


The trauma of surgery or injury is regularly 
associated with alterations in the circulatory status 
of the individual. Such alterations may be lim- 
ited to the site of injury, but if the injury is at 
all extensive, and especially if associated with 
hemorrhage and severe pain, a more generalized 
circulatory response may be expected. This re- 
sponse may involve change in cardiac output, 
volume of blood, constitution of blood, volume of 
extracellular fluid, circulation time, blood pres- 
sure, and peripheral circulation (1). When the 
response is inadequate, various types of circula- 
tory insufficiency, such as peripheral vascular col- 
lapse or even shock, may supervene. Measure- 
ment of the response while it is proceeding is im- 
portant in order that therapeutic measures may 
be employed as early as needed. Clinically, ob- 
servation of the blood pressure is usually the sole 
quantitative criterion of the changing circulatory 
status, although attention is also paid to quality 
and rate of the pulse, the color and moisture of 
the skin, and depth and rate of respiration. The 
other constituents of the circulatoty response to 
trauma are subject to measurement in human 
beings, but are usually neglected because they arc 
not readily and conveniently ascertainable. 

In the course of a study of the circulator}- ad- 
justments attendant upon surgical trauma, plethys- 
mographic rcgi.stration of tlie peripheral circula- 
tion has been utilized as an additional clinical 
guide to the circulator)- response. This was un- 
dertaken in the belief that efforts to maintain 
blood volume, blood pressure, and cardiac output 
arc directed toward the continuation of an ade- 
quate supply of blood to the tissues of the body. 
If tb.c peripheral aitnncous cirailation can he 
nwintained. tb.cn, presumably. i!;c ciradaton- ad- 
justments are adequate to the needs of the 'more 

’ Thsj s? l-t;)! ;i3;vf-r ro-rn-i.r tbe re';;!:* <f 
«■{ t!': Ho-d rr'-rh aoj 


September 25, 1944) 

important organs. It has been necessary to 
evaluate the effects of various typ^s of anesthesia 
upon the peripheral circulation in view of the uni- 
versal use of anesthesia in the course of major 
surgical operations. This report deals with tlie 
study of certain peripheral vascular adjustments 
during spinal and regional anesthesia. 

APPARATUS AND METHODS 

The pneumoplcthysmograph (2) was used to record 
the rhythmic r-ariations in the volume of the fingers and 
toes dependent upon constriction and dilatation of the 
small peripheral blood vessels (3). Such rh>-thmic 
pulsations are recorded as pulse waves synchronous w-ith 
the cardiac beat and alpha waves. The latter occur ir- 
regularly at a rate 4 to 7 times per minute and \-ary in 
size up to 10 times that of pulse waves. The pulse waves 
may be as small as 1 to 2 c. mm. per S ml. of finger or 
toe or as large as 20 c. mm. Commonly, large alpha 
w-aves occur in association with v-aodog, medium-sized, 
pulse w-aves (5 to 15 c. mm.) and small alpha w-aves. 
with verj- small or verj- large pulse waves (4). 

Twenty-eight patients, ranging in age from 30 to 61 
years, were subjected to spinal ancsthc.sia for such surgical 
procedures as hemorrhoidectomy or herniorrhaphy. The 
observations reported here were made before the onset 
of surgical manipulation. The patients had no known 
h}-pcrtcnsion or cardiac or peripheral vascular disease and 
were regarded as in good health c.sccpt for their relatively 
minor surgical complaint. Twenty-four were male and 
4 female. The spinal ancitl-.etic agents cmjiloycd were 
procaine hydrochloride (SO to 100 mgm.) or Monocaine 
Formate (75 to ISO mgm.). The intrathecal injection 
was made through the third or fo-Jrth lumbar inter- 
vertebral space while the patients -.vcrc in the lateral j-j-i- 
tion. For 2 of the patients, a malleable spinal p-..-ne!-jre 
needle was in'crted. and the patients then returned to a 
supine position, after wh.ie.h the ane-thetie arrr.t v.as in- 
jected. For th.e r.tl’.ers. a reg-uhar spina! lur.e-.ure r'e-h'- 
was inserted. t::e anesthetic dr-jg injected, th.- 
drawn, and ib.e patient li'.en rrtum-d to t: - supi- - -it; n, 

Pielltysn-.'Trarni were «>’ tai.-ae-l fre-n the h.'.-x fr eer 
and second rf the '-xnae rile ef the b Th-y -.■■-rr 

a-.erc v.i'.l in b i-s.-l 's s f t: e les'l r { :1 - 1 -;r: e>h- rs 

were made lef-ee ti-r i-*'.-rt: n ef ti - -e 
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TARLE I 


Comparison of the volume of pulse waves of the fingers and toes before and after spinal anesthesia unnssncialed 

svith decrease in blood pressure 





Blood pressure 

Pulse rate 

Pulse waves — toe 

Pulse v.-aves— finger 
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anesthesia 
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After 

anesthesia 
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anestliesia 
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anestliesia 
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1 

ytars 

51 
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mm. Its 

136/84 

mm. He 

138/80 
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c. tnm, i 

4.0 

Vr S ml. 

13.0 

r. mtn, 

7.5 

"rr 5 m.l. 

3.0 

T-S 

2 

38 

M 

106/74 

114/50 
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2.0 

14.0 


3.0 

T-n 

3 

50 

M 

116/86 

90/70 
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1.5 

11,0 


1.5 
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4 

36 

F 

110/68 

100/50 

78 
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4.0 

15.0 

8.0 

5.0 

T-5 

5 

47 
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1 10/74 

76 
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1.5 
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5.0 

4.0 
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60 
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130/90 

86 
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10.0 
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7 

55 
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106/78 

60 
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8.0 

15.0 
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6.0 
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6.0 

4.0 
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9 

45 
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130/96 

84 

116 
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5.0 

3.0 
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10 
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77 
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Measurements of blood pressure were made at 2- to 
4-minute intervals by the use of an ordinary sphygmo- 
manometer. Values for pulse rates were taken from the 
plethysmographic records. All of the studies were made 
in an environmental temperature within 5° of 75° F. 
Ephedrine sulfate (25 mgm.) was given intravenously 
to 8 of the patients in whom a progressive fall in 
blood pressure had occurred following the onset of spinal 
anesthesia. 

RESULTS 

The plethysmograms of fingers and toes ob- 
tained before the insertion of the spinal needle 
showed medium-sized pulse waves and large alpha 
waves in 19 of the subjects. Such records are sug- 
gestive of a state of moderate anxiety (4), not 
unexpected in patients about to be operated upon. 
In 9 patients, both the pulse waves and alpha waves 
were small,- indicating generalized peripheral vaso- 
constriction associated with more intense anxiety. 
Plethysmograms recorded after injection of the 
drug and return of the patient to the supine posi- 
tion, but before the inception of anesthesia, showed 
the same pulse wave-alpha wave pattern as before 
the insertion of the spinal needle. Thus, at the 
time of onset of anesthesia, all of the subjects had 
plethysmographic tracings indicative of moderate 


to relatively intense vasoconstriction in tlie fingers 
and toes. 

j During the course of spinal anesthesia, 20 pa- 
tients exhibited no more than a slight change in 
systolic or diastolic blood pressure and in only 3 
of these was there a change in pulse rate greater 
than 12 beats per minute. The upper level of 
sensory anesthesia in these patients ascended at 
least as high as the eleventh but not higher tlian 
the fourth thoracic dermatome, f The pleth 3 'smo- 
graphic records obtained from the fingers and toes 
of this group showed relatively consistent altera- 
tions in both the pulse and alpha waves. Within 
2 to 5 minutes after injection of the drug, the pulse 
waves in the toe began to increase and within an- 
other few minutes attained great magnitude (Table 
I). The change in volume of the pulse waves was 
from an average value of 3.1 c. mm.= to an average 
'value of 9.8 c. mm. Concurrently, the alpha waves 
were suppressed and the third simultaneous event 
was a marked increase in the total volume of the 
toe tip. In 1 subject, the volume change was as 
much as 200 c. mm. equalling ^45 of the total 
volume of the toe tip (Figure 1), 

= All changes in volume are reported in c. mm. per 5 
ml. of finger or toe tip. 
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Fig. 2. The Chart Shows: (i) Changes in Total Volume of Finger and 
Toe, and (2) Changes in Volume of Pulse Waves of Finger and Toe During 
Onset of Spinal Anesthesia in Patient No. 1 

Blood pressure and pulse rate remain essentially unchanged. The upper limit 
of sensory anesthesia reached T8. 


on the basis of loss of cutaneous arteriolar tone 
when the sympathetic nervous supply is inter- 
rupted. The decrease in size of the alpha waves 
is explained by postulating interruption of inter- 
mittent vasoconstrictor stimuli travei'sing sympa- 
thetic nerves. The production of alpha waves is 
not fully explainable but the present belief is that 
in the normal subject (in the absenceVof anes- 
thesia), at irregular intervals of 8 to iS^econds, 


vasoconstrictor impulses traversing the sy 
thetic nerves reach the small blood vessels 
lead to two effects, namely, temporary dec 
in volume of pulse waves and temporary dec 
in volume of the finger or toe (alpha w; 
Intermittent impulses effect intermittent ’ 
constriction.; .-passive vasodilatation follows 
the resultant pattern is one of rhythmic dec: 
and increase in the size of the part. The i 
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increase in the total volume of the toe during 
anesthesia may be accounted for by assuming 
either that the content of the peripheral vascular 
bed has increased, or that fluid has passed into 
the local tissues, or that both have occurred. 

The changes which were observed in the fingers 
during the onset and course of spinal anesthesia 
may be considered as the opposite of those mani- 
fest in the toes. Superficially, there may be 
cause for disagreement with this statement be- 
cause the alpha waves decreased in volume in 
both fingers and toes. "In the case of the toes, 
the explanation lay in an interruption of the inter- 
mittent impulses necessary for rhythmic vaso- 
constriction. In the case of the fingers, the evi- 
dence supplied by the onset and persistence of 
small pulse waves suggests that vasoconstrictor 
impulses have become so closely spaced as to 
provide no periodic relaxation of the small blood 
vessels necessary for the formation of alpha 
waves. 

The compensatory occurrence of vasoconstric- 
tion in a distant portion may help explain the 
ability of the body to maintain a normal blood 
pressure in spite of the marked vasodilatation of 
a major portion of the peripheral vascular bed 
during spinal anesthesia. Only in the patients 
in whom vasoconstriction of the finger occurred 
and persisted during spinal anesthesia was blood 
pressure not significantly lowered. When, for 
reasons not yet understood, this physiologic ad- 
justment did not occur, hypotension ensued. 

There arc no data in the present experiments 
to support the theorj' that vasoconstriction or 
vasodilatation of such a small peripheral portion 
as the toe is actually representative of vasocon- 
striction or dilatation of the entire lower extremity 
and lower abdominal viscera. If this were not so, 
however, it would seem unlikely that enough 
change in ciradatory status could result from 
dilatation of aitancous vessels of the legs alone 
to: (I) m.akc the patient during spinal anesthesia 
highly susceptible to hemorrhagic shock (6) ; and 
(2) Ic.atl to wisoconstriction of tlic sm.all vessels 
o! the finger. Similarly, if TOoconstrictioa or 
dil.atation of tlic fingers were not representative 
of %’asoconstriction or dilatation of the upper ex- 
tremity and upper tnsnk. it woidd sec.m unlikely 
tl'.ai \-a':cKC>:wtrictinu of the finger would so ur.i- 
fomdy he present w!;cn h!r«'.d pre^^urc fs 


retained during spinal anesthesia and be absent 
when hypotension supervenes. The vasocon- 
striction of the finger during spinal anesthesia is, 
then, considered to be: (1) representative of 
vasoconstriction in a more extensive vascular bed, 
and (2) compensatory for the vasodilatation of 
an extensive vascular bed including the lower 
abdominal viscera and lower extremit)' (7). The 
exact extent of these larger rascular beds cannot 
be defined at present. 

The mechanisms of the mediation of the vaso- 
constrictor response of the vascular bed repre- 
sented by the finger during spinal anesthesia are 
presumably none other than those which normally 
operate to support the blood pressure during 
physiological stress (7). In the special situation 
occasioned by' spinal anesthesia, the peripheral 
vascular bed of the lower extremities cannot be 
called into play, and as a consequence, there is a 
heightened response of those vascular beds wliose 
symipathetic nerve supply is still intact. There- 
fore, resiliency' of circulatory response during 
trauma and hemorrhage is lost to the patient hav- 
ing spinal anesthesia, not only because the blood 
vessels of the lower portion of the body’ are phar- 
macologically denen’ated and thus unable to react, 
but also because those of the upper portion arc 
already in a state of compensatory partial con- 
striction. Thus, when further demands are made 
upon the circulation, these vessels undergo very- 
little additional constriction. 

The results of these studies of peripheral circu- 
latory response to spinal anesthesia suggest that 
there may be two, more or less separate, mecha- 
nisms which produce hypotension. In one group 
of patients, tire hypotension seems to result from 
a loss of, or failure of development of. a com- 
pensatory constriction of the small Wo-yl vessels 
whose sympathetic nerve supply is intact. In 
these patients, the administration of cphcdrinc 
restored the constriction in the intact vcs'cl^ but 
left the vessels of the denc.-^-ated toc^ unafTcetr'!, 
Tliis is in keeping with the findings of other ;:i- 
vestigators wh.o demonstrated that epl-.e-lrine .'irt-. 
to constrict only those vc5‘^e!s v.h.r,.-- synipatit-t:.' 
nervous supply is intact (S). In th.e jot-rr;!- 
who showed decrease in sire of pt’.l'at!' n- of o th. 
toes and fingers ccr.comit.ar.t v.-i;:; frdl ir. I'-. »! 
pressure, it !<■ prolcMe th..',! a f!r;r<a*r ;r. '■af ’::. ■ 
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(6). With complete interruption of the sympa- 
thetic nervous supply to the lower extremity a 
decrease in size of pulse waves of the toes cannot 
indicate vasoconstriction hut is most likely a pas- 
sive reflection of a decrease in cardiac output. 
The mechanism rc.sponsiblc for such a diminution 
of cardiac output cannot be explained for the 
present. It is probable that paralysis of the car- 
diac nerves is not of primary importance in these 
patients since in two of them the upper limit of 
anesthesia was at the sixth and seventh thoracic 
dermatomes. Again the effects of ephedrine in 
these patients are consistent with those reported 
by most investigators who noted a marked in-j 
crease in cardiac output attendant upon the ad4 
ministration of the drug (9). 

There is other evidence which supports the 
supposition that under many normal conditions 
there is partial constriction of the peripheral vas- 
cular bed, the loss of which in one portion of the 
body is compensated by additional constriction in 
another position. In patients in whom the stel- 
late ganglion was anesthetized by infiltration of 
lYo per cent procaine hydrochloride, plethysmo- 
grams were taken simultaneously from the index 
finger tips of the ' ipsilateral and contralateral 
hands (10). The plethysmogram from the ipsi- 
lateral finger showed vasodilatation and increase 
in size of the part while the contralateral finger 
showed vasoconstriction and decrease in total 
volume. Conversely, the opposite effect occurs 
when excessive vasoconstriction is induced in one 
extremity. Faradic stimulation was applied to 
the distal portion of the lumbar sympathetic chain 
after section at the level of the first lumbar gan- 
glion during the course of sympathectomy for the 
reduction of arterial hypertension. The plethys- 
mogram from the ipsilateral toe showed intense 
vasoconstriction 3 to 5 seconds after the applica- 
tion of the stimulus and of 30 to 45 seconds’ 
duration. The pletliysmogram of the index 
finger showed vasodilatation synchronous with 
the vasoconstriction of the toe (11). 

Three patients subjected to section of the lum- 
bar and splanchnic sympathetic nerves were ex- 
amined immediately following operation and as 
long as 2 years later (11). On each occasion, 
there was marked vasodilatation of the toes and 
marked vasoconstriction of the fingers. The 
vasoconstriction of the fingers was far more in- 


tense than that .scon at any time before the opera- 
tion. None of those patients had a good thera- 
peutic response to .sympathectomy. Just as in 
the normal patient under .spinal anesthesia, vaso- 
constriction in the upper c.xtremity is useful in 
maintaining a normal blond ()rcssure, so it would 
seem that vasoconstriction of the upper extremity 
following lumbar and splanchnic .sympathectomy 
may militate against the desired reduction of 
blood pressure. 

SUMMARY 

Simultaneous pletln-smographic records were 
obtained frotn the fingers and toes of 28 patients 
during the onset and early course of spinal anes- 
thesia. In 20 patients who c.xperienccd no fall 
in blood pressure, the expected vasodilatation of 
the toes occurred, associated with concomitant 
vasoconstriction of the fingers which was inter- 
preted as representing a compensating mechanism 
for the support of the circulation. In 4 of the 8 
patients who experienced a fall in blood pressure, 
A'asodilatation of the toes occurred unaccompanied 
by vasoconstriction of the fingers. Following ad- 
ministration of ephedrine, vasoconstriction devel- 
oped in the fingers and tlie blood pressure rose, 
while the vasodilatation of the toes continued. 
In the other 4, fall in blood pressure was accom- 
panied by small pulse waves in both toes and 
fingers, owing, presumablly, to decrease in cardiac 
output. Following administration of ephedrine, 
the blood pressure rose to or above the initial 
level, the pulse waves of the toes increased mark- 
edly (vasodilatation), while those of the fingers 
remained small (vasoconstriction). In addition 
to its other effects, ephedrine acted to restore 
necessary compensating vasoconstriction to the 
fingers. 

Because vasoconstriction of the fingers seemed 
necessary for the maintenance of the initial blood 
pressure during spinal anesthesia, it was consid- 
ered as an index of vasoconstriction in a larger, 
but not exactly defined, vascular bed of the upper 
portion of the body. Similarly, the vasodilatation 
of the toes was considered as an index of vaso- 
dilatation in a large vascular bed of the lower 
portion of the body, on the basis that vasconstric- 
tion of the fingers could hardly be evoked by vaso- 
dilatation of the toes alone. The mechanisms for 
the mediation of the response of compensating 
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vasoconstriction were presumed to be none other 
than those vasomotor reflexes which are in opera- 
tion normally for the support of blood pressure. 
The heightened response in the fingers was at- 
tributed to the call for increased vasoconstriction 
wherever possible in the face of loss of ability of 
the vascular bed of the lower portion of the body 
to respond. 
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Numerous studies of bactcrioslttlic activity of 
sulfanilamide-typc compouuds indicate that for 
effective action a minimal concentration must he 
attained and that, in general, rising concentration 
is accompanied hy increased activity. Thera- 
peutic trials in experimental animals have led to 
a similar conclusion. However, attempts to cor- 
relate the response of the patient with the concen- 
tration of the sulfonamide in the body fluids have 
not met with much success. It is not surprising, 
therefore, that divergence of opinion exists as to 
the importance of this aspect of sulfonamide ther- 
apy. The belief widely held among clinicians and 
reflected in some reviews (1) is that the concen- 
tration of sulfonamide in blood is not of critical 
significance in treatment of many infections. 

However, there is general agreement that con- 
centration of sulfonamide in body fluids is a fac- 
tor of considerable importance in the treatment 
of meningococcic meningitis, a view shared by 
those (1) who question the importance of meas- 
urement of drug concentration in other infections. 
Recent reviews (2, 3) have advocated the mainte- 
nance in meningitis therapy of blood levels of 
10 to 15 mgm. per 100 ml. for sulfanilamide or 
sulfadiazine. Lower levels have been found to 
give satisfactory results when sulfathiazole was 
used (4). 

It is the purpose of the present paper to evaluate 
the response of patients suffering from meningo- 
coccic meningitis to treatment with a highly effec- 
tive sulfonamide, sulfamerazine (methyl sulfadi- 
azine, 2-sulfanilamido-4-methyl-pyrimidine), with 
particular reference to the concentration of this 

iThis work was aided by grants from Sharp and 
Dohme Laboratories, Glenolden, Pa. and from The Re- 
search Fund for Infectious Diseases, University of 
Pennsylvania, Philadelphia. 


substance in body fluids. The comparative sig- 
nificance of drug concentrations in plasma, plasma 
ultrafiltrate, and in cerebrospinal fluid also has 
been examined together with the distribution of 
sulfamerazine between these fluids. The results 
make it ])ossible to define more clearly the advan- 
tages of high as compared with low concentrations 
of sulfamerazine in body fluids in treatment of 
meningitis. 

Although there is a possibility that sulfonamide 
therapy may in time be supplanted by penicillin 
for treatment of meningitis, the relative merits of 
the two agents remain to be evaluated. It is 
believed that the data here presented may be of 
assistance in making a comparison of the two. 

EXPERIMENTAL 

Through the cooperation of the staffs of the Medical 
and the Pediatrics Departments of the Philadelphia 
General Hospital, it was possible to observe the results 
of treatment of meningococcic meningitis with sulfa- 
merazine in 188 patients. The observations extended 
over 18 months, and included periods in the winters of 
1942-43 and of 1943-44 during which this disease was 
epidemic. Observations on 95 patients have already been 
reported (5), along with details concerning the manage- 
ment of the patients. Patients received intravenously 
3 grams of sodium sulfamerazine and 1 gram orally 
of sulfamerazine on admission to the Fever Ward and 
subsequently, 1 gram orally of sulfamerazine every 4 
hours. The only important departure from our previous 
methods of treatment has been the use of supplementary 
alkali therapy during 1943-44 for approximately half of 
the patients. 

Cerebrospinal fluid was obtained by lumbar puncture 
either without local anesthetic or after infiltration with 
1 : 1000 nupercaine. It was ascertained by test that 
nupercaine would not give color with the reagents used 
for determination of sulfamerazine. Many of the data 
in the literature on concentrations of sulfonamides in 
cerebrospinal fluid are valueless because of contamination 
of the fluids collected with procaine. The method of 
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Bratton and Marshall (6) adapted to the Klett- 
Summerson photoelectric colorimeter was used. Ultra- 
filtrates of serum were prepared at 37.5° C. by the 
method of Lavietes (7). In this method, plasma or 
serum is filtered under pressure through a sheet of cello- 
phane. A variable proportion of the sulfonamide, de- 
pending largely on the compound used, filters through 
the cellophane. That remaining is loosely combined with 
serum protein. 

Blood serum or plasma was employed for analyses in 
preference to whole blood because the unequal distribu- 
tion of sulfamerazine between cells and plasma introduces 
an additional variable, the concentration of cells, when 
whole blood is used. Concentrations of sulfamerazine 
in whole blood average approximately 0.7 of the plasma 
concentration (8), but the ratio may vary widely. 

RESULTS 

Relationship between concentration of sulfamera- 
sine in plasma, plasma ultrafiltrate, 
and cerebrospinal fluid 

The average daily concentration of sulfamera- 
zine in blood serum or plasma and in cerebro- 
spinal fluid simultaneously collected during treat- 
ment from a representative section of the group 
is shown in Figure 1. It will be seen that the 
concentration in serum approximated 16 mgm. 
per 100 ml, except for a transient rise during the 
fourth day. As with other sulfonamides, indi- 
vidual plasma and cerebrospinal fluid sulfamera- 
zine differed widely, despite the fact that all pa- 
tients received the same amounts. Variability of 
concentrations shown by each patient, however. 


was much less than that bet\veen different pa- 
tients. The close dependence of cerebrospinal 
fluid on serum concentration is clear. Ratios of 
the t\vo averaged 0.41. A slight trend toward 
higher cerebrospinal fluid/plasma ratios as treat- 
ment progressed was not significant statistical^. 
The relationship in individual patients bet^vee^ 
plasma sulfamerazine concentration and that in 
cerebrospinal fluid is shown in Figure 2. Despite 
the wide range of plasma concentrations repre- 
sented, from 1.3 to 39.0 mgm. per 100 ml., the 
relationship remained the same at high and low 
levels. Some individuals differed markedly from 
the general trend, with cerebrospinal fluid/plasma 
ratios as high as 0.66 and as low as 0.19. The 
highest ratios were observed in gravely ill pa- 
tients and were explained by decrease in protein- 
bound sulfamerazine in plasma. Variations in 
protein-bound sulfamerazine of patients under 
these and other circumstances will be reported 
elsewhere. 

Sulfamerazine concentration in cerebrospinal 
fluid is approximately 80 per cent of the concen- 
tration in ultrafiltrates of serum, as Figure 3 
shows. If cerebrospinal fluid sulfamerazine con- 
centration depended upon ultrafiltration alone, the 
values would fall along tlie diagonal, and depar- 
ture therefrom represents tlie effects of the inter- 
vention of the tissues constituting the plasma/ 
cerebrospinal fluid barrier. Mainly, however. 
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coDcentration in cerebrospinal nuicl is dependent 
upon the concentration of drug in plasma, and 
on such factors ns plasma protein concentration 
and composition. These govern the proportion 
of the sulfamcrazine that is combined with plasma 
protein and consequently is not ultrafilterable. 
Comparison of Figures 2 and 3 shows a diminu- 
tion in scatter in Figure 3 as compared with 
Figure 2, and presumably much of the variatioji 
in cerebrospinal fluid/plasma ratio is due to vari- 
ations in protein-bound sulfonamide. There was 
no change in relationship between sulfamerazinc 
concentration in plasma ultrafiltrate and in cere- 
brospinal fluid in the course of treatment, nor did 
there appear to be any relationship between con- 
centration of cerebrospinal fluid protein either to 
the preceding or to sulfamcrazine concentration. 

Relationship hctxvccn concentration oj sulfaincra- 
sine in body fluids and clinical response 

The marked individual differences in average 
concentrations of sulfamcrazine in body fluids 
during treatment apparently influenced the re- 
sponse to therapy. In Figure 4, the time required 



Fig. 2. Relationship Between Serum and 
Cerebrospinal Fluid Levels 


UE 

t^/lOOCXt 



Fig. 3. Relationship Betwee.n Ultrafilterable 
SULFAMERAZINE OF PlASMA A.SD CeREBROSPINAL FlUID 
SULFAMERAZINE 

The diagonal represents tlie relationship to be cx~ 
pected if ultrafiltration alone determined the distribution. 

for the patient’s temperature (oral) to return to 
normal is compared with the average sulfamera- 
zine concentration observed in the blood serum. 
In the presence of higher concentrations of sulfa- 
merazine, the prevailing response was more rapid 
than that associated with lower concentrations. 
Tile relationship is approximated by a straight 
line," Although there were a number of patients 


-We have not attempted a detailed analysis of the 
ti’pe of curve that will best fit these data. Calculation 
of regression by the method of least squares yields a 
statistically valid regression coefficient (p=<0.01). 
The coefficient of correlation (r) = — 0.43. The corre- 
sponding relationship between temperature response and 
cerebrospinal fluid sulfamerazine (Figure S) also was 
statistically significant (p = < 0.02) ; for the latter, 
r = — 0.44. For ultrafiltrates these constants were 
p = 0.02 and r = — ■ 0.54. All correlation coefficients 
were statistically significant but the differences were 
not. 

The symbol p refers, throughout this paper, to the 
evaluation of the probability of chance explaining the 
occurrence under consideration. When p = O.OS or less, 
the finding was considered significant. Methods de- 
scribed in Goulden (18) for evaluation of the signifi- 
cance of a regression coefficient were employed. 
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Fig. 4. Time Required After Starting Treatment for Patients to 
Become Afebrile as Related to Concentration of Sulfajierazine in 
Serum or Plasma 

Triangles: Children under 12. Ovals: All others. Regression line in 
this and subsequent figures calculated by method of least squares. 


with relatively low drug concentrations who re- 
sponded rapidly to therapy, yet another consider- 
able group showed low concentrations associated 
with a delayed response. Likewise, most indi- 
viduals exhibiting high concentrations responded 
rapidly. Considering the response of the entire 
group, the average time required for return to 
normal temperature was shortened one day for 
each increment of 1 mgm. per 100 ml. in the 
scrum sulfamerazinc concentration. No differ- 
ence is apparent between adults and children under 
12, nor between results obtained in 1942—13 and 
1943-44. A similar relationship when cerebro- 
spinal fluid sulfamerazinc concentration is substi- 
tuted for that of plasma is shown in Figure 5. 

In view of the belief that protein-bound sulfona- 
mides do not possess Ixicteriostatic activity, it was 
deemed important to craluatc the correlation be- 
tween ultrafiltcrablc sulf.amcrazinc and therapeutic 
action. The rclationsh.ip .riunvii in Figure 6 re- 
sctnblcs closely tliat of plasma or cerebrospinal 
fluid. Coefficients of correlation are h.igher tiLin 
those tor the preceding comparisons but th.e dif- 


ference is not statistically significant. In each 
instance, high concentrations of sulfamerazinc 
were associated with predominantly more favor- 
able responses than were low concentrations. 

Additional evidence relating the rapidity of re- 
sponse to drug level has been derived from evalu- 
ation of rate of disappearance of meningitic irrita- 
tion (Figure 7). Here, tlie time required for its 
disappearance is plotted against the average con- 
centration of drug. Again, the patients improv- 
ing most rapidly were those exhibiting the higher 
concentrations of plasma sulfamerazinc. Oilaila- 
tion of regression gave a statistically highly sig- 
nificant coefficient of regression. The rcl.ition- 
ship quantitatively is in good agreement with. th.at 
obsen-ed for the response of terr.per.aturc and 
that to be dcscrilied for ccrcbrospin.al fluid prot-'in. 

The decline in concentration of ccrcbro'pinr.l 
fluid protein * in th.e cof.r.'c of tre.-tment v.-it’: 
.'u!ia:ncrarinc r.l-o 5h.'''.v; c'^rTri.-nif n v.i;;-. 
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DAY OF RETURN TO NORMAL TEMPERATURE 


Fig. S. Duration of Fe\tr as Rf.lated to Concentra- 
tion OF SULFAMERAZINE IN CeRERROSPINAL FI-UID 

Triangles: Patients studied in 1942—43. Ovals: Pa- 
tients studied in 1943-44. Squares : Samples obtained 
after temperature became normal. 



Fig. 6. Duration of Fetcr as Related to Concentra- 
tion OF SULFAMERAZINE IN PlASMA ULTRAFILTRATE 


level of sulfamerazine in plasma (Figure 8). 
Cerebrospinal fluid samples were collected soon 
after admission and again as opportunity occurred 
during treatment. Wlien the concentration of 
sulfamerazine in plasma was high, the decrease 
in cerebrospinal fluid protein was more rapid than 
that occurring in tlie presence of lower concen- 
trations of sulfamerazine in plasma. This rela- 
tionship is obscured somewhat by the appreciable 
time interval between measurements of cerebro- 
spinal fluid protein concentrations. Neverthe- 


less, the relationship, tested statistically, yielded 
the regression line shown with a regression co- 
elTicient that was significant (P = < 0.02). 

TOXICITY 

Forty-six toxic reactions were noted in 40 of 
the 188 patients. Certain toxic eflPects of the 
sulfonamides are thought to be dependent upon 
the dosage and resulting concentration in body 
fluids. Since higher concentrations of sulfamera- 
zine appear to be more effective therapeutically 



Fig. 7. Duration of Meningeal Irritation as Related to Concentra- 
tion OF Sulfamerazine in Serum or Plasma 
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Fig. 8. Decrease in Concentration of Ceredrospinal Fluid Protein as 
Related to Concentration of Sulfamerazine in Serum or Plasma 
Solid squares; Fatal cases; all others recovered. 


than lower concentrations, it becomes desirable to 
evaluate tlie increased hazard of toxicity from the 
higher concentrations. Table I shows that such 
a relationship probably exists in regard to drug 
fever, since the frequency is much higher in the 
patients with concentrations in serum above the 
median level. Statistical analysis indicates * that 
the relationship approaches the level accepted as 
significant. Drug rash, on the other hand, shows 
an incidence well removed from the level of sig- 
nificance, and there is no difference in frcquenc)' 
of hematuria at high and low concentrations in 
the scrum. Certain investigators (9) have stated 
that renal damage from sulfonamides appeared to 
occur without any apparent relationship to quan- 
tity administered or level in blood. 

The higher incidence of toxic effects associated 
with higher dnig concentrations is offset in part 
by the increased frequency of such reactions as 
the duration of treatment increases. Figure 9 
shows the ocairrcncc of toxic manifestations of 
sulfamerazine during each day of the treatment 
period. Since the number of p.aticnts under- 
going trcatmciit decreased daily, th.e comparison 
o! early w ith later pcrio'.h is Ivos* made in terms 

*T!;r cl;i-?-;-.!r.rc rr.clh-.! with t;-.e 5;'ju«L-nrr.t 

ser cmptrTtd. 


of the proportiion of patients undergoing treat- 
ment on any day who gave evidence of toxicity. 
Patients who may have shown more than one 
toxic reaction are included only once, at the time 
of the first reaction. The tabulation shows that 
occurrence of toxic manifestations is clearly de- 
pendent upon time and that the frequency rises 
after 8 days. The distribution appears to be 
bimodal, a peak occurring at the 5th day and 
again at the 9th. 


TABLE i 

Jr.cidcr.ee of toxic rr.ar.ifeslalior.s cl hifher cr.d Icrsir 
cor.ur.iralior.z of zulfcmcTazir.e in ft’.cztr.’: 
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information available for sulfatncrazinc and sulfa- 
diazine and for meningitic infections, it is not yet 
possible to correlate with any certainty tbe figures 
available for humans with such concentration- 
response curves. However, they do provide a 
guide as to the type of relationship to be sought. 

Remaining to be considered is the possibility 
that the correlation we have observed between 
concentration of sulfamerazine in body fluids and 
clinical improvement may have been the result of 
a coincidental alteration of the phannacodynamic 
behavior of the drug, resulting perhaps from ill- 
ness of greater severity affecting the patients ex- 
hibiting low sulfamerazine concentrations, or 
other cause. All patients were receiving the same 
dosage, yet showed the marked differences in 
concentrations seen in Figures 2 and 4. Age, 
incidence of complications, duration of illness, 
and other factors were comparable for the patients 
with high and those with low sulfamerazine con- 
centrations. Sulfamerazine is not readily ex- 
creted by the kidney and it appears unlikely that 
differences in rate of excretion are responsible 
except that certain high values are so explained. 
Differences in absorption from the gastrointestinal 
tract thus must be the main cause of the differ- 
ences in drug concentration. It is conceivable 
that some common factor such as nutritional defi- 
ciency might influence unfavorably both absorp- 
tion of sulfamerazine and response to infection. 
That the behavior observed was not due to 
gradual decrease in concentration of sulfamerazine 
in the body fluids is shown in Figure 1, which 
shows that values are well sustained during the 
period in which the concentration-response rela- 
tionship was observed. It seems probable, there- 
fore, that differences in concentration of sulfa- 
merazine in body fluids were primarily responsible 
for enhanced therapeutic effect in patients with 
high drug concentrations. 

SUMMARY 

The concentration of sulfamerazine in cerebro- 
spinal fluid is approximately 80 per cent of that 
of an ultrafiltrate of plasma, and is closely de- 
pendent upon the same factors governing the 
concentration of the drug in the ultrafiltrate, i.e., 
concentrations of drug and protein in plasma, and 
composition of the protein. 


In treatment of meningocorcic meningitis, 
higher concentrations of sulfamerazine in body 
fluids were associated with more rapid return of 
body temperatures to normal, more rapid dis- 
appearance of meningitic irritation, and more 
rapid decrease in cerebrospinal fluid protein con- 
centrations. than were lower concentrations. For 
each milligram of increase in plasma sulfamcra- 
zinc concentration, the aver, age response was 
.shortened by one day. The re.sults suggest that 
the do.sage employed and in common use is sub- 
optimal, and that further trials with therapeutic 
concentrations in blood serum above 20 mgm. 
per 100 ml. arc needed. 

Detenninations of concentrations of sulfamera- 
zinc in cerebrospinal fluid or plasma ultrafiltrates 
offer no advantage in evaluation of therapeutic 
response in meningococcic meningitis over such 
determinations in plasma. 

Certain toxic manifestations (drug fever) of 
sulfamerazine appear to be more frequent at 
higher concentrations of drug in plasma. Others 
(rash, hematuria) showed no such relationship. 
The incidence of toxic manifestations increased 
appreciably after one week of treatment, reaching 
a maximum about 10 days after treatment was 
started. 
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The literature concerning various serological 
reactions in malaria in man has been well re- 
viewed (1). According to this review, attempts 
to obtain a specific complement fixation reaction 
with sera from human beings infected by Plasmo- 
dium vivax or by Plasmodium jalciparum have 
led in the past to inconclusive results because no 
sensitive, specific, and easily standardized antigen 
was available. Due to the difficulty in obtaining 
sufficient quantities of heavily infected human 
blood from which to prepare an antigen, these 
investigators developed an antigen from Plasmo- 
dium knowlesi which occurs naturally in the ma- 
laria of monkeys and can be used to induce ma- 
laria in man. A complement fixation test using 
such an antigen was found to give a group re- 
action with sera from human beings infected with 
Plasmodium vivax and Plasmodium jalciparum. 

When the onset of war made procurement of 
monkeys impracticable, two workers (2) prepared 
an antigen from the chicken malarial parasite 
Plasmodium gallinaccum. One of them (3) 
demonstrated the group specificity of this antigen, 
using the sera of soldiers with malaria at Percy 
Jones General Hospital. Further studies ap- 
peared desirable since there are no certain clinical 
criteria indicative of a complete cure in malaria 
and a test that could detect latent malaria would 
obviously serve a very useful purpose. 

The present report deals with the serological 
investigations conducted at the Harmon General 
Hospital. The antigen prepared from Plasmo- 
dium gallinaceum was supplied originally by the 
aforementioned workers and subsequently by the 
Army Medical School. The specificity and sensi- 
tivity of this complement fixation test was studied 
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on 11,36/ sera. These sera were obtained from 
ICXX) normal healthy soldier.s, from 95 soldiers 
with febrile illnesses other than malaria, from 481 
men with syphilis, and from 505 soldiers who gave 
a histoiy' of malarial infection while in the South 
Pacific. During the period of study of the last- 
named group, there were 434 recurrent attacks 
of malaria due to Plasmodium vivax. 

MATERI.\LS AND METHODS 

Sera. One thousand sera for controls were obtained 
from normal healthy soldiers. None of these men had 
been overseas or had a history of malaria. Four hun- 
dred and seventy-five sera were obtained from 95 soldiers 
who likewise had never been overseas or had malaria 
but who were suffering: from a febrile illness in which 
the body temperature was not less than 100® F. at the 
time of drawing the initial blood sample. From each 
of these 95 patients, sera were taken for 5 consecutive 
days. Sera were taken from 481 men with syphilis who 
had never been overseas. These men were negro soldiers 
from various parts of the country and it is possible that 
some from the South may have had malaria contracted 
in the past. From the 505 patients with a history of 
malaria contracted in the South Pacific, sera were ob- 
tained at 5-day intervals and, when a recurrent attack 
of malaria developed, sera were taken on the day of 
onset and on each of the next 4 days. The taking of 
sera at S-day intervals was then resumed. 

Smears. A thick or thin blood smear was made from 
capillary blood each time that serum was obtained by 
venepuncture. Staining was done by the Giemsa tech- 
nique. The species of plasmodium was determined in 
each instance with special reference to the possibility 
of mixed infections. 

Treatment. Acute malarial attacks were treated with 
atabrine, 2.8 grams in 7 days, for SO per cent of the 
attacks ; atabrine, 2.8 grams in 7 days followed by 
atabrine 0.1 gram daily for 60 days, in an additional 31 
per cent; quinine, 16 grams in 7 days, in 3 per cent of 
attacks; quinine, 6.0 grams in 2 days followed by ata- 
brine 1.5 grams in 5 days followed by plasmochin 0.15 
gram in 5 days, in 3 per cent; and various other combi- 
nations of these drugs in 5 per cent of attacks. The 
details of treatment for the remaining 8 per cent are not 
known because the attacks took place while the patients 
were absent from the hospital. 
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Complement fixation technique. Patients were bled 
from an antecubital vein with sterile equipment and the 
blood placed in sterile tubes. Serum was removed 
promptly from specimens of blood and kept sterile so 
that retesting could be carried out at future dates. All 
stored sera were frozen and kept in this state. For use 
in the test, the sera were inactivated for 30 minutes at 
56° C. 

The antigen consisted of lyophilized chicken red blood 
corpuscles infected with Plasmodium gallinaccum. Using 
the titer stated on the container, the volume was always 
restored according to directions. 

Complement was obtained from the Army Medical 
School to which it had been furnished by a commercial 
firm in a lyophilized form, packaged in vacuo. The 
complement was always restored to the volume directed 
on the ampule. Before use, each lot of complement was 
titrated to determine its potency by the method given 
below. 

The amboceptor used was obtained from the Army 
Medical School and its unit was determined by titration. 

Fresh sheep red blood corpuscles were obtained as 
needed. Twenty ml. of citrated blood were obtained 
twice a week and washed as directed for use in the 
Kolmer test. The corpuscles were originally used in a 
2.5 per cent suspension, but later when the test was re- 
vised, a 2 per cent suspension was used. The accuracy 
of the suspension was tested by centrifuging 10 ml. of 
the suspension in a graduated centrifuge tube and noting 
the volume of the packed cells. The suspension was 
never more than 2 days old at the time of use. 

The salt solution originally used was made up to 0.85 
per cent and unhufTcred. Later the salt solution was 
bufTcred with 0.005 M phosphate (pH 7.2 to 7.4). 

For a short period of time, the tests were set up 
according to Coggcshall and Eaton’s technique as modi- 
fied by Captain A. \V. Frisch, MC, of Percy Jones Gen- 
eral Hospital. l.atcr the test was altered to conform 
to the Army Medical School procedure (4). 

Frisch’s technique was as follows : 


1. Titration of amboceptor 

.•\. Preliminary titration; Titrations were carried out 
in the prc.scncc of an c.vccss of complement (i.c. Q2 ml. 
of a 1:10 dilution). For titration purposes, the follow- 
ing dilutions of amboceptor were prepared: 1:100; 
1:2(M); 1:400; 1:800; 1:1000; 1:320'0; 1 : WOO.' 

To cacli tube containing 0.5 ml. of diluted .aml)occptor, 
0.2 ml. of 1 : 10 complement and 021 ml. of s.aline were 
ailded. Then to cneli tul>e was added 025 ml. of 25> per 
cent .sheep rcti corpuscles. The tulws were slialien and 
inndeitcil in the water bath at 57' C. far 50 minutes 
and then read. Tb.c highest dilutiun of amlvicci'tiT 
'haumg esnr.p'.ete benmlysis was selected for the final 
t!!!;.!ii':i. 


B. l i:'al titration: U«ing the diluti.m of arr.b.x-citar. 
..s t.clrm.u’.aj «b’\r. the fa, lav.:::.: gradc'd an:'»unt« e; 
aiubccpt. r ucre r.d.h-1 ta a 'cries sf 7 tuV>. 


Tube ^ 

1 

2 

3 

4 

5 

6 

7 

Amboceptor — ml. 

0.50 

0.40 

030 

0.20 

0.10 

0.05 

0.025 

Saline — ml. 

0.20 

0.30 

0.40 

0.50 

0.60 

0.65 

0.675 

Complement 1 ; 10 ml. 
2.5 per cent sheep 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

0.20 

R.B.C.— ml. 

1 

0.2S 

0.25 

0.25 

0.25 

0J5 

0.25 

0.25 


The tubes were then incubated in the water bath for 
30 minutes at 37° C. and read. The smallest amount of 
amboceptor giving complete hemolysis was taken as 1 
unit. In the final test, there were 2 units contained in a 
volume of 0.25 ml. The amboceptor dilution containing 
2 units remained constant for each lot, provided that 
the red blood corpuscles were prepared properly. 

2. Complement titrations 

Complement was titrated each day that the tests were 
run. A series of tubes was set up containing 1 : 10 
complement as follows ; 


Tube 

I 

2 

3 

4 

5 

6 

Complement — ml. 

0.20 

0.15 

O.IO 

0.0^ 

0.050 

0.025 

Saline — ml. 

OJO 

0.55 

0.60 

0.625 

0.650 

0.675 

Amboceptor (2 units) — ml. 

0.25 

0.2S 

0.25 

0.25 

0.25 

0.25 

Sheep cells (2.5 per cent) — ml. 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 


The tubes were incubated for 30 minutes at 37° C. and 
read. The e.vact unit of complement was taken as the 
amount showing complete or almost complete hemolysis. 
For the final test two units of complement were used. 

3. Preparation of antigen 

The lyophilized antigen was restored to original vol- 
ume with distilled water and then diluted 1 : 10 with 
saline. The antigen was shaken thoroughly and then 
allowed to stand to get rid of the larger particles. The 
turbid supernatant fluid was pipetted oft and serial dilu- 
tions of the antigen from 1 : 10 through 1 : 320 were 
prepared. 

A series of two rows of tubes, A and B, cont.iining 
the following were set up : 


Tube 

lA 

2A 

3A 

4A 

5A 

6A 

Anlicen 0.25 ml. 
Complement units 

Known pos. serum-;-m!. 

1:10 

2 

02 

1 :20 

0.2 

1:40 

2 

0.2 

l:FO 

■» 

0.2 

l:lf/» 

T 

0.2 

1:320 

0.2 


Tube 

Ar.Ui:»*n 0.25 rr.l. 
C'lrr.plcn'.rr.t unit* 
Saitr.*? — ml. 


T}:c tul>cs v.crc ir. tr.r v.Ci'cr \ r.*. .*7* yl. 

for 1 hour, sx!cr v.Jifcl; (*5 rr.!. «'•<;» *"1 

h!<vxl corj^j'^CiCi v.crc s-: The re* 

phict-! ir, the h-’.’i 37 ^ C t' ' r -.J r:;. 

vi in ficA "ll" i 7. ^ 



in 

2n 

jii j 

i 4r» 

jn i 

1:10 

5.2 

1 

1 :2'J 

2 

02 

i 

i i 
1 ! 

1 1 
1 ! 

1 !:■/) 1 1 I;j;o 

■» j •» 1 •» 

1 • I • . * 

02 *02 i 02 

i 1 
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The qualitative tc.st proper; To each of two tubes the 


following were added; 

T ul>c t A T ubc I H 

Serum, ml. 0.2 0.2 

Complement units 2 2 

Antigen, ml. 0.25 

Saline, ml. 0.25 


In addition to the above, there were prepared at the 
same time two control tubes, one containing a known 
positive serum set up as above and an antigen control 
containing 0.25 ml. antigen, 2 units of complement, and 
0.2 ml. of saline. The tests and controls were incubated 
at 37“ C. for 1 hour and then 0.5 ml. of corpuscles 
sensitized with amboceptor were added to each tube. 
The tubes were incubated at 37° C. until the antigen 
controls were clear. The results were recorded in 
terms of plus signs, ranging from 4 + to 0 — 4 + indi- 
cating no hemolysis and each increment 25 per cent 
more hemolysis until complete hemolysis occurred. If 
no hemolysis occurred in either control tube or the test 
tube, the result was recorded as anticomplcmentary. 

Quantitative titrations were performed on all sera that 
had given a 4 -1- reaction. In addition to repeating the 
test on these sera, the following dilutions were prepared;. 
1 ; 5, 1 ; 10, 1 : 15. 1 ; 20, 1 ; 30, 1 ; 40, 1 ; 60, 1 ; 80, 1 ; 120, 
and 1 ; 160. Normal, undiluted sera and sera diluted 
1 : 5 and 1 ; 10, were included in these titrations as con- 
trols. After the dilutions had been prepared the tests 
were performed in the same manner as above. 

After approximately 3000 tests had been run, a modi- 
fication in technique was introduced. With this proce- 
dure, the 0.85 per cent NaCl was buffered with 0.005 M 
phosphate (pH 7.2 to 7.4). The reagents were pre- 
pared in the same manner but the volume of each was 
adjusted so that it was contained in 0.2 ml. and the 
total volume for each test was 1 ml. 

After the reagents were added, the tests were shaken 
and placed in the refrigerator at 5° C. overnight. The 
next morning there was added to each tube 0.2 ml. of 2 
per cent sheep’s corpuscle suspension sensitized with 2 
units of amboceptor, making a total volume of 0.4 ml. 
The tubes were incubated at 37° C. for 30 minutes and 
then read. The activity of the hemolytic system was 
tested by refrigeration of the controls overnight followed 
by addition of the indicator series the following morning. 

More than 8000 tests were performed using the ice- 
box 'fixation method. At one time, because of the larger 
number of negative tests, it was thought that even 
though -the complement unit was determined by titration, 
an excess was possibly being used. Therefore, duplicate 
tests were set up on the same sera using the complement 
unit as determined by titration for one series and a 
two-thirds unit of complement in the other series. This 
gave a larger number of positive results but also in- 
creased the number of anticomplementary results. Re- 
cently, we had the opportunity of comparing a large 
number of tests in duplicate using the old method and 
one recently introduced by Major C. H. Rein and Cap- 
tain S. Bukantz (5). The method of Rein and Bukantz 
has a distinct advantage over the one now in use in 


that it Icnd.s it.sclf readily to standarflizatinn. However, 
in comparing the results of the latter method with the 
one employed In this laboratory, it was found that there 
was no significant difference either in sensitivity or 
specificity in approximately 1500 test.s run in duplicate. 

RKStrr.TS 

A siinmiary of the rc.sults of 1 1 ,367 comple- 
ment fixation tests arc shown in Table I. Single 
specimens of sera from 1000 normal healthy sol- 
diers showed 99 per cent to be negative. Tests 
on 475 sera from 95 soldiers with febrile ill- 
nesses other than malaria showed 96 per cent to 
be negative. Of 481 sera from syphilitic men, 
93 per cent were negative. Of 9411 sera from 
505 patients with a history of malaria contracted 
in the South Pacific area, tested during the entire 
period in which they were under observation in 
the Harmon General Hospital, 67 per cent were 
negative, 30 per cent positive, and 3 per cent 
anticomplementar)'. A detailed analysis of the 
material recorded in Table I is presented in the 
following figures and tables. The specificity and 
sensitivity of the complement fixation test and its 
practical application to the problem of malaria is 
then discussed. 

TABLE I 

Results of complement fixation tests performed on sera of 
various controls and patients with 
history of malaria 


Source of 

No. 

pts. 

No. 

tests 

Negative 

Positive 

Anticom- 

plementary 

I. Control tests 

1. Healthy 
soldiers 

1000 

1000 

KMm- 

ber 

989 

per 

cent 

99 

niim- 

her 

9 

per 

cent 

Un- 

der 

1 

num- 

tvr 

2 

per 

cent 

Un- 

der 

1 

2. Patients with 
febrile dis- 
eases other 
than malaria 

95 

47S 

4SS 

96 

14 

3 

6 

1 

3. Syphilitic 
men 

481 

481 

449 

93 

24 

S 

8 

2 

II. Soldiers with 
history of 
malaria * 

SOS 

9411 

6318 

67 

2777 

30 

316 

3 


Total tests 11367 


* All gave a history of malaria contracted in the South 
Pacific area but not all developed attacks while in Harmon 
General Hospital. 

Serological controls. Sera were obtained from 
4 groups of normal healthy soldiers for the con- 
trol series. None of these men had been out of 
the United States and none gave a history of 
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having had malaria. The first and second 
groups were soldiers from the detachment of an 
affiliated hospital unit and their sera were taken 
during field training. The third and fourth 
groups were infantrymen from whom the blood 
was drawn just after completion of a final type 
physical examination. For each member of a 
given group, the blood was taken on the same 
day and all tests were run on the day following 
procurement of sera. Ninety-nine per cent of 
all the sera were negative. Additional sera were 
not obtained from the 9 men with positive com- 
plement fixation tests or from tlie 2 men with 
anticomplementary results. 

As a further control, the results of the comple- 
ment fixation test were determined in soldiers 
with febrile illnesses other than malaria. Ninety- 
five patients with a temperature of not less than 
100° F. at the time of taking of the first serum 
also had specimens taken on 4 additional consecu- 
tive days. None of these patients had ever been 
overseas or had ever had malaria. The illnesses 
from which they suffered at the time of the tests 
were common respiratory infections, pneumonia, 
pleurisy, measles, and acute rheumatic fever. 
Table II shows that 96 per cent of the 475 sera 
tested were negative. The positive and anti- 
complementaty results, totaling 20 tests, occurred 
in 14 patients. 

Tlic final series of control sera were from 481 
syphilitic men. All of these soldiers had proven 
syphilis and were under tiK:atmcnt. At the time 
of testing, Wassermann, Kahn, and malaria com- 
plement fixation tests were performed on each 


serum. ' The results showed that 318 Wasser- 
mann and 359 Kahn tests were positive. Twenty- 
four malaria complement fixation tests were posi- 
tive and 8 were anticomplementary. Out of 481 
sera from the total group of s}'philitics (none of 
whom had neurosyphilis), 93 per cent of the 
malaria complement fixation tests were negative, 
5 per cent positive, and 2 per cent anticomple- 
mentary. 

Titre oj complement-fixing antibodies. As an 
indication of the serological sensiti\nty of the 
complement fixation test, 1335 strongly positive 
sera (4-f) from malarial patients were furtlier 
tested in 10 dilutions. The dilutions ranged 
from 1 : 5 through 1 ; 160. The results are pre- 
sented in Figure 1 and indicate that 40 per cent 
of all tests were positive in a 1:5 dilution, 29 
per cent in a 1:10 dilution, 22 per cent in a 1 : 15 
dilution, 13 per cent in a 1:20 dilution, 4 per 
cent in a 1:30 dilution, 3 per cent in a 1 : 40 
dilution, 2 per cent in a 1:60 dilution, and 1 
per cent from 1 : 80 to 1 : 160 dilution. Ninety- 
four per cent did not titre beyond a 1 : 30 dilution. 

Relation oj blood smear and complement fixa- 
tion during 234 recurrent attacks. For the pur- 
pose of this analysis, no one was considered clini- 
cally to have a relapse unless a positive blood 
smear and temperature of at least 100° F. were 
obtained before treatment was instituted. Figure 
2 shows that on the first day of 234 recurrent 
attacks, the percentage of positive smears was 
100. By the second day, with treatment, it had 
dropped to 63 per cent, by the third day to 10 
per cent, and by the fourth and fifth days to 1 


TABLE II 

Comphmtr.l fixation in 95 palienh zeitk febrile illnezses rlher than malaria (-fTS tezls) 


DLtKTJWI*l8 

KuwbiCT o( 
paliesti 

S«x?I^cal rcfults durir.c 5 tixy* 

I Nrsaii\’c 

Poiitire 


D 

2 

B 

B 

5 

) 

2 

B 

B 

5 

1 1 1 

] 

2 ; 

J 

< 1 

Common rcjpiraton' 

Mc.idcs 

I’nrumoni.i or plcurbv 
Khcnm.itic fever 


g 

52 

27 

11 

0 

•59 

27 

1.5 

0 

5.5 

27 

11 

0 

5^ 

27 

12 

1 

1 

0 

2 

0 

1 

0 

2 

0 

5 

0 

0 

0 

0 

0 

2 

0 

0 

0 

I 

0 

i 

0 

0 

0 

2 

1 

0 

0 

1 

0 

0 

? i 
* ! 

1 i 

1 0 1 

’ 1 

0 

n 

0 

1 0 

To’.al liy d.iys 


<31 

90 fO i 

91 i 

9i 

3 1 

3 

5 

“1 j 

* 1 

1 ! 

1 

1 ' ^ 
I ! 

1 j 1 i •> 

I ; ! ‘ 

1 0 

I 

Gr.ind loLil 

95 

•555 

u i 

i 

! ^ 
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% undiluted 



TITRE 

Fig. 1. Dilution Tests on 1335 Strongly Positive 
Sera (4 +) 


per cent. During the same period of time, the 
percentage of negative complement fixation tests 
was recorded (Figure 2) rather than the per- 
centage of positive tests in order to account for 
the anticomplementary results. It is apparent 
that, from the first day through the fifth, negative 
tests were obtained between 41 and 46 per cent 
of the time. On any one of these 5 days, not 
over 58 per cent of the tests were positive. Table 
III shows the daily complement fixation results 
represented in Figure 2. 

Complement fixation during the recurrent at- 
tack. Sera were drawn for 5 consecutive days 
during recurrent attacks beginning at the time a 
smear was found to be positive. Table IV shows 
the complement fixation results in 238 attacks 

% PERCENTAGE OF POSITIVE SMEARS 


percentage negative 

COMPLEMENT FIXATION TESTS 


I 2 3 A 5 

DAYS 

Fig. 2. Complement Fixation and Blood Smears 
FOR 5 Consecutive Days Beginning with the First 
Day of a Recurrent Attack (234 Attacks) 



TAiii.r. in 


Daily covtpkment fixation mulls represented in Fiejtre 2 



H 

irsiilts of complement fi.Tntion teets 



0 

1 + 

2 + 

3 -f 

4 + 

AC 


1 

too 

5 

19 

22 

77 

11 

Ter ernt 

43 

2 

96 

6 

15 

19 

90 

8 

41 

3 

107 

6 

16 

16 

71 

IS 

46 

4 

97 

3 

17 

27 

80 

10 

41 

5 

too 

6 

18 

20 

i '' 

13 

43 


in which no anticomplcmcntary results were ob- 
tained. Tile results arc recorded as negative or 
positive for each day for each individual attack. 
The positive results include the entire range from 
1 -f to 4 -h. From these data it can be seen that 
there were 28 different types of serological re- 
sponses. For example, in 54 attacks not a single 
positive test was found and in 42 attacks not a 
single negative test was found. In all the other 
attacks, there were variations in tlic days on 
which either positive or negative results were 
obtained. These results indicate that a positive 

TABLE IV 


Complement fixation results for 5 consecutive days in 
23S recurrent attacks of malaria 
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TABLE V 


Comparison of serological response in 2 successive 
attacks in 30 patients 


1 

First attack 

Days 

Second attack 

Days 

Pre- 

vious 

at- 

tacks 

Inter- 

val 

in 

weeks 

H 

B 

B 

B 

B 

B 

B 

B 

B 

B 

1 



















2 

24 

2 

— 

— 

— 

— 

— 

— 


— 


— 

13 

17 

3 

— 

— 

— 

— 

— 

— 

— 

— 


— 

3 

14 

4 


— 

— 

— 


— 

— 

— 

— 

— 

6 

13 

5 

— 

— 

— 

— 

— 

— 

— 

_ 

— 

4- 

15 

9 

6 

— 

+ 


— 

— 

-h 

— 

— 

— 

— 

8 

20 

7 


+ 


— 

+ 

— 

— 

— 

— 

— 

2 

14 

8 

— 


— 

— 

-f 

+ 

— 

4- 

— 

— 

5 

12 

9 

— 

— 


+ 


— 

— 

— 

— 

— 

7 

23 

10 

— 

+ 

-f 

+ 

-h 

— 

— 

— 

— 

— 

2 

13 

11 

— 

-h 

+ 

-h 

+ 

— 

— 

— 

~h 

4- 

6 

12 

12 

— 

+ 

+ 

+ 

+ 

+ 


4- 

4- 

4- 

7 

4 

13 

+ 

— 


— 

— 

+ 

— 

4- 

4- 

4- 

8 

13 

14 

+ 

+ 

— 

— 

— 

— 

— 

— 

4- 

— 

4 

12 

15 

-t- 

+ 

— 

— 

-* 

— 

4- 

— 

— 

— 

3 

13 

16 

+ 

+ 

— 

— 

— 

+ 

4- 

4- 

4- 

4- 

8 

12 

17 

+ 

-h 

— 

— 

— 

+ 

4- 

4- 

4- 

-L 

8 

9 

18 

-h 

+ 


— 

— 

-h 

4" 

4- 

4- 

-1- 

12 

11 

19 

4- 

+ 

+ 

+ 

— 

-h 

4~ 

— 

4- 

4- 

4 

15 

20 

+ 

-h 

— 

-h 

-h 

4" 

— 

4- 

4- 

4- 

8 

12 

21 

-h 

+ 

— 

+ 

4- 

4* 


4- 

4- 

4- 

8 

7 

22 


— 

+ 

-t- 

4* 


«— 

— 


— 

9 

4 

23 

+ 

— 

4- 

4" 

4" 


4- 

— 


4- 

4 

13 

24 

+ 

+ 

-h 

+ 

+ 

— 

— 

— 



7 

15 

25 

4" 

-f 

+ 

+ 

-h 


4- 

— 

— 

— 

8 

13 

26 

+ 

+ 

+ 

+ 

-h 

— 


— 


4- 

5 

5 

27 

-h 

+ 

+ 

+ 

+ 

-h 

+ 

— 



1 

5 

28 

4- 

-f- 

+ 

•f 

+ 

+ 

4- 

4- 

4- 

» 

5 

22- 

29 

+ 

-f 

+ 

+ 

+ 

+ 

— 



4- 

4 

10 

30 

+ 

-h 

+ 

4* 

+ 

4- 



4- 

4- 

11 

16 


test niiglit not appear at all during this 5-day 
period or might appear on any one of the 5 days 
and might he followed on the next day by a 
negative test and even later by a positive test. 
Thus, there was no constant serological response 
characterizing the attacks as a whole. 

Comparison of the serological response in 2 
sticccssivc attacks in 30 patients is shown in Table 
V. The number of attacks prior to the first one 
for whicli data arc presented is given as well as 
weeks between the 2 successive attacks. There 
was no correlation between the number of pre- 
vious attacks and comj)Icmcnt fixation results 
during the attacks. The group of 42 men with 
positive te.-ts on 5 succc.vsivc days had an aver- 


.•!gc of 7.0 previous attacks (range 1 to 15). while 


th.e groi 

sp of men with 5 negative 

re.-ults lud 

an avemge <u' 7.3 attacks (ranee 1 tn 

17). Fur- 

Uuniior 

0 , ihc ri.‘7p ' iu cr.c!i 

1 .-.ttack w.a- 

j*isJ 

allv t!u' 



:rt: rj 

cr.i f-.V 


TABLE VI 

Relation of complement fixation and blood smears during 
5 days in 200 recurrent attacks of malaria 


Day of 
relapse 

Positive 

smears 

Positive 

CJ*. 

Positive 

smears 

Xecative 

C.F. 

Negative 
smears 
Positive 1 
CJ*. 1 

Negative 

smears 

Negative 

C.F. 


nutn- 

Per 

num- 

per 

nam- 

per 

nurrr- 

per 


her 

cent 

her 

cent 

her 

cent 

her 

cent 

First 

105 

53 

95 

48 

0 

0 

0 

0 

Second 

51 

26 

67 

34 

53 

27 

29 

15 

Third 

8 

4 

12 

6 

/ / 

39 

103 

52 

Fourth 

2 

1 

0 

0 

101 

51 

97 

49 

Fifth 

2 

1 

0 

0 

101 

51 

97 

49 


smears during recurrent attacks. In Table VI, 
data are presented relating the results of comple- 
ment fixation tests to the malaria smears obtained 
on each of 5 days in 200 malarial attacks in which 
treatment with atabrine was started after a posi- 
tive smear and a temperature of 100° F. were 
attained. As previously indicated (Figure 2), 
the percentage of positive smears dropped sharply 
from 100 per cent before treatment to 60 per cent 
on the second day, 10 per cent on the third day, 
and 1 per cent on the 4th and 5th days of the 
attack. Since the percentage of positive comple- 
ment fixation tests remained approximately 50 
per cent on any day, it is seen that in the third, 
fourth, and fifth days of the attack, the comple- 
ment fixation test was positive in 77, 101, and 101 
patients, respectively, from whom negative smears 
were obtained. This might be intcrjirctcd as 
indicating that in those patients in whom treat- 
ment had been initiated without obtaining a 
smear, the complement fixation test might have 
been used for diagnostic purposes. .Actually, in 
well over 400 recurrences, positive smears were 
obtained without difficulty during the initial jiar- 
oxysm of the recurrence which brought the jia- 
tient under obserwatinn ; occasion.aliy .a j'O'iti'.'e 
smear was obtained during .a jscricvl of jjri^lrorna! 
syaiiptoms, occasionally not until liic day .aft! r 
the initial paroxy.'-in, or fluring a secore! ; ar- 
o.xysm. In only 3 patient.-, h.nv.ever, v. it’i ::g!- 
toms suggesting a malaria! recurren.ce. <V-A 'aw.ar. 
remain persistently negative. 
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tcrmining whether the antihodies detectable by 
this procedure were consistently present hetween 
attacks. Should there he persistent antibodies 
as long as latent or suhclinical malaria e.xistcd, 
the test would be of immense practical value in 
deciding in the individual case whether or not a 
cure had been established. The data in Tables 
VII, VIII, and IX answer this question. 

TAm.D VII 

Complement fixation diirinf^ 100 intervals hchveen 
observed attaeks 


Complement 

Number 

fixation 

tests 

Negative 

574 

14- 

32 

24- 

44 

34- 

60 

4-i- 

151 

Anticomplementao’ 

30 

Percentage negative; 64 

Total 891 


Table VII shows the results of complement 
fixation tests in 100 inten'als between 2 or 3 
consecutive attacks, observed in 76 patients. 
The interv'al chosen was that period of time be- 
tween the sixth day from the beginning of an 
attack (since the first 5 days as shown before are 
arbitrarily considered as the attack) and the last 
day preceding the next attack. The shortest in- 
terval was 4 weeks and the longest 24 weeks with 
the majority about 8 weeks. Out of a total of 
891 tests, 64 per cent were negative and 33 per 
cent were positive. In other words, only one 
third of the tests were positive in patients who 
subsequently developed malaria. It is obvious 
that the results of initial casual testing during 
intervals free from clinical activity cannot be 
used for predicting subsequent recurrences. 

Complement fixation directly before and after 
recurrent attacks. Complement fixation before 
and after 300 attacks, without reference to con- 
secutive attacks, is shown in Table VIII. Of 
171 tests performed 10 days before an attack, 67 
per cent were negative. Five days after an at- 
tack (10 days from the initial day of the attack) 
in 223 tests, 48 per cent were negative; ten days 
after, in 242 tests, 52 per cent were negative; 
15 days after, in 224 tests, 59 per cent were nega- 
tive, and 20 days after, in 215 tests, 66 per cent 
were negative. It is to be recalled from Figure 
2 that during the 5 days of the attack period, 41 
per cent to 46 per cent were negative, and from 


TADi.r; VIII 

Complement fixation in sera from malarial patinits taken 5 
and JO days, respectively, before n rec.urrent attack 
and 5, 10, 15, and 20 days after the fifth, 
day of 300 recurrent attacks 


Complement fix.atlnn 

0 

i 

I-f 

I 

2 + 

5+1 

4 + 

AC 

Percentage 

negative 

10 cUys lieforc .att.ack 

114 

7 

0 

10 

26 

5 

67 

■S ilnys before .Ht.-ick 

121 

5 

8 

1.1 

.16 

6 

65 

During ntt.aek 







41 to 46 

S days after attack 

104 

8 

5 

16 

68 

18 

48 

in days after attack 

125 

0 

12 

14 

70 

12 

52 

IS d.ays after attack 

t.U 

10 

12 

25 

40 

4 

59 

20 days after attack 

142 

9 

15 

11 

3.1 

5 

66 


Table VII, that for the entire interval between 
100 attacks, 64 per cent were negative. This 
shows that the number of positive tests reached 
a maximum of 58 per cent during an attack and 
that within 25 days from the onset of an attack 
there was a drop to 33 per cent positive tests. 
By chance, 22 tests were made on the day before 
an attack and 26 tests, 2 days before. Only 14 
and 23 per cent, respectively, were positive as 
compared with 34 per cent 5 days prior to an 
attack. This finding is not contrary' to the the- 
ory’ according to which the test may become nega- 
tive just before the paro.xysm because of absorp- 
tion of antibodies by the increasing number of 
parasites. The small number of tests does not 
permit use of the data either in support or in 
contradiction of this suggestion. 

Complement furation during a period of 6 
months. Table IX represents a continuous sero- 
logical study covering 6 months’ observ’ation at 
Harmon General Hospital of 121 soldiers known 
to have had malaria in the South Pacific. Each 
of these men had a sick furlough of 3 weeks in 
this 6-month period. The interest in this table 
lies in the results of complement fixation tests 

TABLE IX 

Complement fixation results on sera from 121 malarial pa- 
tients taken at 5-day intervals for 6 months except 
during the periods of recurrent attacks (5 days) 


Serology 


Num- 

ber 

pa- 

tients 

Number of 
attacks in 

6 months 

0 

14- 

2 + 

3 + 

4 + 

AC 

Per- 

cent- 

age 

nega- 

tive 

1 

4 

14 


2 

1 

3 

1 

70 

17 

3 

210 

11 

17 

25 

64 

23 

60 

42 

2 

580 

41 

45 

56 

164 

15 

64 

35 

1 

602 

32 

32 

39 

123 

I 11 

72 

26 

No attack 

j 

539 

13 

24 

22 

63 

5 

81 
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performed at S-day intervals, exclusive of the pe- 
riods of recurrent attacks (5 days). The pur- 
pose of the compilation is to demonstrate per- 
sistence or disappearance of positive complement 
fixation in patients with recurrent attacks and 
in those in whom subsequent attacks did not occur 
during this period of observation and serological 
investigation. One patient had 4 attacks but 
during the symptom-free intervals had 70 per 
cent negative tests. Seventeen patients had 3 
attacks with 60 per cent negative tests in the in- 
tervals. Forty-two patients with 2 attacks had 
64 per cent negative tests. Thirty-five patients 
with 1 attack had 72 per cent negative tests. 
Twenty-six patients with no attacks while in the 
hospital had 81 per cent negative tests. During 
their period of observation, these 26 patients had 
no definite clinical attacks of malaria or parasi- 
temia. Of these, 1 had an attack of unobserved 
illness, which was probably malaria, 5 at no time 
complained of symptoms suggesting malaria, and 
20 complained irregularly of varying aches or 
malaise which might have represented subclinical 
activity. Since, for the most part, these men 
resided in rehabilitation barracks where routine 
taking of temperature was purposely omitted, 
data were not collected which would permit a 
precise estimate of the relation of occasional rises 
in complement fixation (19 per cent positive 
tests) to subclinical activity. If the tests of the 
first 3 months of the fi-month period are sepa- 
rated from those of the last 3 months, the per- 
centage of negative tests for the latter period is 
found to be 86 per cent. 

DISCUSSION 

As long ago as 1907 DcBlassi (6) claimed to 
have secured positive specific reactions in human 
malaria with an antigen prepared from Plasmo- 
diuvt fiz'ax. The idea of utilizing a group re- 
action was introduced by Coggcsh.ill and Eaton 
who demonstrated that an antigen from Plasino- 
dium kf.Q-dcsi could Iw used in studies of human 
malaria. Subsequently Kliglcr and Yoeli (7) 
using an antigen from Pl.'.snodi-.m: naUinaccim: 
found tl’.nt it was nearly as effective as ib.at at- 
tainetl with Phzsir.r'dr.if: t:tnr:dcsi. 

In our investigations, ccmjvirisc n of tb.e num- 
I'cr tif ]'\vnJvc icvts in control ^era with tb.o'e 


of patients known to have had malaria showed 
that a group reaction could be obtained in sera 
from patients infected by ^ Plasmodium vivax 
when an antigen prepared from Plasmodium gal- 
linaceum was used. False positive tests reached 
as high a figure as 5 per cent in the ^oup of 
syphilitic men studied, whereas it was under 1 
per cent in normal healthy men. When the re- 
sults on sera from the syphilitics are grouped with 
our other control data, the specificity of this test 
for malaria appears to be somewhat less than that 
of the various complement fixation tests for syphi- 
lis (8), although obviously the procedures are not 
strictly comparable. 

The sensitivity of the malaria complement fi.xa- 
tion test was determined by dilution tests on 
strongly positive sera. At a dilution of 1:5, only 
40 per cent of tlie sera were still positive, and at a 
dilution of 1 : 30, only 4 per cent were positive. 
It is impossible to compare these dilution tests 
accurately with complement fixation tests for 
syphilis because of differences in the character 
of the diseases and in the types of antigens. 
Nevertlieless, it is of some interest that in dilu- 
tion tests performed on 275 of the positive Was- 
sermann tests in our control series of 481 s)^!!!!- 
litic men, 55 per cent were positive at a dilution 
of 1 :60, 33 per cent at 1:120, and 3 per cent at 
1:600. 

The results of the malaria complement fixation 
test during the 5-day period of the attacks were 
variable. It was possible for an individual to 
have negative tests throughout or in contrast to 
have positive tests on each of the 5 day.s. The 
number of previous attacks had no relationshiji 
to the subsequent serologic findings during a 
future attack. Comparison of 2 successive at- 
tacks showed that the results in each were fre- 
quently quite different and that the inten-nl be- 
tween attacks had no relation to the coniplcrnctit 
fixation results during the attack. 


In the interval 

between attacks 

, tl’.C to- 

not be 

used to 

prc<lict tr.at a r 

C’Ctirrcnt 

would 

eventually 

ajipear or tint 

r. 

curcf]. 

In a gro' 

up of 3CO attack 

<. it V.T.- 

tint th. 

c n:a>:invj 

ni nund.'er of p. 

' :ti\c tr 


airrtd during th.e attr.rk ■: 

freen 5S per cent t-> 3.' j-sr cert v. i'.’,;:; 2-; d*.-. - 
Five days t rit'r t!.- an. .-.t;:.:k'. t' r t-rjc'.’: ’n *; 
j-.'-itivc tf-'t' V.T.- 3', I:; :. . t ; 
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22 tests on the day before an attack and in 26 
tests two days before an attack, only 14 and 23 
per cent, respectively, were positive. 

Over a 6-inontb ])criod, the number of ])rior 
attacks and the total length of infection bad iio 
appreciable effect on the number of positive tests. 

Whether the antibodies of immunity are those 
detected by this test is not known. The decline 
in percentage of positive tests following the at- 
tacks may conceivably be related to a fall or dis- 
appearance of sufTicicnt available antibodies. 
This might then reflect the clinical evidence of 
lack of immunity as indicated by subsequent re- 
lapses. Such an impression would suggest that 
the Plasmodia reside in reservoirs during the in- 
tervals between attacks at which time the circulat- 
ing antibodies decline quantitatively, although 
some may be present at all times. However, it is 
also possible that the antibodies utilized in this 
test have no relation to the problem of immunity 
in this disease. 

In syphilis, a positive complement fixation test 
is usually obtained while the patient is still ac- 
tively infected and this may cover a period of 
years but in the type of malaria studied in this 
investigation, an individual removed from an en- 
demic area may still be actively infected as shown 
by subsequent relapses and yet intermittently 
have negative tests. 

Successful application of a complement fixation 
test in recurrent malaria depends both upon the 
specific properties of the antigen employed and 
the patient’s antibody response to the disease. 
Factors which may have influenced the antibody 
response of these patients during the period in 
which these tests were performed were: {!) pre- 
vious residence in endemic zones under more or 
less continuous suppressive treatment; (2) pre- 
vious occurrence in most of the patients of mul- 
tiple attacks of malaria due to infection with 
Plasmodium vivax and/or Plasmodium falci- 
parum, with possible difference in strains within 
these species; (3) variation m length o time 
from original infection to the time of serological 
examination, with tendency toward a lower rate 
of attack with the passage of time; and (4) 
prompt initiation of therapy during tie attac s 
under study with resultant disappearance of 
trophozoites from the blood. 


.Sl'.MMARV 

1. Complement fixation te.^ts using an antigen 
prepared from the chicken jiarasite Plas- 
modium c/alli)!accitiji were performed on 
1 1 .367 sera. 

2. Control sera obtainerl from 1576 men in- 
cluded : 

(7) Sera from 1000 healthy .soldiers, who 
had never had malaria. These were 
negative in 99 per cent of the tests. 

(2) Sera obtained on 5 successive days from 

95 soldiers with febrile illnesses other 
than malaria. These were negative in 

96 per cent of the tests. 

(3) Sera from 4S1 .syphilitic men without 
a history of malaria. These were nega- 
tive in 93 per cent of the tests. 

3. Sera were obtained from 505 soldiers evacu- 
ated from the South Pacific and known to 
have had malaria while in that area. The 
results on these sera showed that : 

(1) From this group, 9411 sera were posi- 
tive in 30 per cent of the tests. 

(2) There was a maximum of 58 per cent 
positive tests on any one of 5 successive 
da3's during 234 recurrent attacks. 

(3) Complement fixation tests before and 
after 300 recurrent attacks showed that : 
a. Five days before the attacks, 33 per 

cent of the tests were positive ; 5 
days after the attacks. 47 per cent 
were positive; and 20 days after the 
attacks, 33 per cent were positive. 

(4) In 121 patients followed for 6 mondis 
at 5-day intervals, 95 had recurrent at- 
tacks during the period of study, 
whereas, the remaining 26 had no at- 
tacks during that period. The sera 
from all of these men, exclusive of the 
period of attacks, showed that only 36 
per cent of the tests were positive. 

4. These results indicate that the complement 
fixation test using an antigen prepared froni 
Plasmodium gallinaceum gives a group re- 
action of undetermined sensitivity for the 
sera of human beings infected by Plasmo- 
dium vivax, but is of no practical value in 
detecting latent malaria or indicating when a 
patient is cured. 
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Tile number of local treatments which have 
been proposed for burns is legion. In one ex- 
haustive review of the subject (1), some sixty 
pages are devoted to this phase. It is obvious, 
however, that there is in the surgical mind little 
satisfaction with these treatments because, at not 
infrequent intervals, medications continue to be 
suggested for topical application to burned sur- 
faces. It was one such report (2) which 
prompted the investigations to be presented below. 

Although attempts at quantification of wound 
healing and the effects upon it of certain treat- 
ments have been made in the past (3 to 7), to 
our knowledge such attempts have never been 
applied to an evaluation of treatment of the third 
degree burn including its excision. From all ac- 
counts, expedition of healing of the third degree 
burn presents a major challenge to therapy. Ex- 
cision of such an area has been performed at nu- 
merous times in the past (1). It was perhaps 
first performed in 1901 (8). In 1913, two work- 
ers (9) believed that by such a procedure sur- 
vival of the burned animal could be prolonged. 
It was decided, therefore, to investigate systemati- 
cally the healing of the experimental third degree 
burn and the effect thereon of several treatments 
including excision, and to apply to the data ob- 
tained the newer knowledge of growth quantifica- 
tion (10). 

iThis article has been released for publication by the 
Division of Publications of the Bureau of Medicine and 
Surgery of the U. S. Navy. The opinions and views 
set forth in this article are those of the writep and are 
not to be considered as reflecting the policies of the 

Navy Department. xt , 

2 Lieutenant (jg), Medical Corps, United States Naval 

Reserve. 

3 Ensign, H-V(S), United States Naval Reserve. 

^ Lieutenant Commander, Medical Corps, United States 
Naval Reserve. 


MKT HODS 

Adult rabbits weighing between S and 9 pounds were 
used. Standard third degree burns were made on the 
Lacks of rabbits according to the technique of Leach 
et at. (11), using an asbestos-jacketed cylinder through 
which hot water circulates. The burning surface of 
the cylinder was a circle one inch in diameter, and the 
burning temperature was 75 to 82° C. for 1 minute. 

There were 3 general types of c.\pcrimcntal procedure 
carried out following the burn. The first of these was 
upon a group of 20 burns in which no treatment was 
administered. The second group consisted of 54 cases 
in which some medicament or graft was applied immedi- 
ately following the burn; in 13 of these, the application 
was made directly on the burn, and in the other 41, to 
the surface left following excision of the bum. The 
excision line was usually through the area of edema just 
beyond the coagtilum. Despite tin’s conservative ap- 
proach, the retraction of the wound usually led to an 
area double that of the third degree burn. Finally, the 
third group consisted of 5 donor areas (Table I). 

The coagulated plasma-sulfonamide film of Pollock 
(2), hereinafter knomi as CPS, was applied in 13 cases 
to the burned area, and in 15 cases to the surface remain- 
ing after the burn had been c-xcised. 

Other reagents applied to the surfaces left by excision 
of the burn included vaseline (13 cases), thrombin- 
fibrinogen-sulfonamide (5 cases), and a “dfazifilm” (1 
case). 

Grafts were attempted in 7 cases but did not succeed 
for various reasons, chief among which was sepsis. Both 
whole and split-thickness grafts on both whole and split- 
thickness excision surfaces were tried. 

Bandaging septic excisions led to early gross infec- 
tion, maceration, and destruction of tissue with a punched 
out appearance, but improvement occurred almost imme- 
diately upon exposure to air. Cultures were not at- 
tempted. In sterile experiments, the bandages were 
rarely left on after 14 to 16 days. Within this time, 
infection did not occur. Thus, medication was never in 
apposition to the wound longer than this time. 

Observations on the course of regeneration were made 
approximately every third day from the time the burn 
was made to the time of complete regeneration. The 
measurement of the unhealed area was made with a 
centimeter ruler. The surfaces were regarded as roughly 
elliptical in shape, whence the area was taken to be 
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’STirs, where u and rs are, respectively, the semi-major 
and semi-minor axes of the ellipse. 

The measurement of the unhealed area mentioned 
above can be converted into a suitable growth measure- 
ment as follows: Let a(o) denote the original area of 
the wound surface. Let a(t) denote the remaining un- 
healed area after t days. Then obviously a(o)— aft) 
represents the amount of tissue regenerated. The Carrcl- 
Hartman (3) observation that, in equal times, the 
growth increment of a large wound is greater than that 
of a small wound is very likely attributable to the use 
of just a(o) — aft) as the parameter of growth. This 
measure can give the impression that the fundamental 
proliferation mechanisms proceed at different rates in 
wounds of different sizes. As a matter of fact, the “per- 
centage growth rates” are the same regardless of size. 
It is preferable therefore to put large and small wounds 
on an even footing, so to speak, and use instead of 
amount regenerated, the 


(Fraction of the original 
i wound which has been 
I regenerated up to time t 


a(o) — aft) _ p 
afo) 


Assuming that area is proportional to some function 
of cell numbers, P also represents the fraction of tlie 
total number of cells which have been produced to time 
t In terms of this parameter, then, differences among 
growth curves will arise only from fundamental differ- 
ences in the mechanism of growth, rather than from 
mere size difference of the wounds. 

From the experimental data for each regeneration, it is 
possible to compute P at every experimental point. For 
days other than days of observation, one may obtain an 
approximation to P by a linear interpolation. Thus, it 
becomes possible to plot “mean growth curves” for large 
numbers of areas by plotting average values of P at a 
given time. The mean curves thus obtained are re- 
markably regular, and verj' well suited for comparative 
purposes. 


RESULTS AND DISCUSSION 

Two comparisons of the mean curves for con- 
trols wath excised areas, and areas treated with 
vaseline with areas treated wdth CPS have been 


TABLE I. 

This table summarizes all experiments considered in the text. 

The upper number of each entry is A, the per cent rate of growth, while the lower number is proportional^ to B, 
the interactive coefficient. Every entry represents about eight observations of one growth curve. Burning time is 
given in minutes, and burning temperature in degrees Centigrade. Abbreviations arc as follows; CPS = coagulatofi 
plasma-sulfonamide film; Thr.-Fibr.islthrombin-fibrinogen. 


Experiments in which bum was not excised 


Experiments in which bum was excised 


Ani- 

mal 

Burn 

lime 

and 

temp. 

Untreated burns 
(control animals) 

Bum 4“ 
CPS 

Means 
of non- 
excised 
areas 

Excised 4- 
vascline 

Exdjed4- 

unsuc- 

ccssful 

craft 

1 Excised 4" 

! CPS 

j 

Excised 4- 
Tbr.-Fibr. 

Excised 4- 
S or 

diaxihlm 

Donor 

areas 

Mean of 
excised 

2 

1-75 

0.3337 

0.0834 


0.3337 

0.0834 

■1 

iB 

0.7110 
, 0.1580 



0.3428 
0.0365 ' 

0.459S 

O.OSOl 

3 

1-75 


■ 

HI 


0.2290 

0.0472 

0.3438 

0.0844 



0.2845 

0.0390 

0.2S5S 

0.0535 

4 

1-75 

0.2492 

0.0238 


0.2492 

0.0238 


0.1867 

0.0148 

0.3197 

0.0524 



0.2964 

0.0337 

0.2676 

0.0333 

7 

1-75 

1 

0.6035 

0.0457 

0.6035 

0.0457 


0.2897 

0.0181 

iBi 



0.148.3 

0.0156 

0.3472 

0.0297 

s ! 

1-75 






0.1268 

0.0063 

0Jj20 i 

0.0105 ! 

1 

0.3530 

0.0.318 


0.2706 

0.0350 

10 ' 

1-75 

0.264.3 

0.0281 

0.86SS 

0.0651 


0.3100 

0.0466 

0.2700 

0.0200 






1 0,052^ 

n 

1-75 

0.1769 

0.0249 

O.ISIS 

0.0154 


0.1540 

0.0222 

0.4852 

0.0694 



O.ISIS 

0.0151 


j 

1 (i.f'ili 

12 

1-S2 

0.2632 

0.0371 

0.2 138 
0.0301 


0.2385 

0.0336 

0.3778 

0.0531 



0.2478 i 
0.0182 


- ) 

13 

1-79 

0.lSf4) 

0.0532 


0.1560 

0.0532 



0.16'54 

0 0166 

1 1 1 

1 6 425'| i 
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TAiiLK I — Car.ltniird 


Experiments In wlilcli burn wns not excised 


Exivtrimrnts In wlilcii burn w;is cxris 


ed 


Ani- 

mal 

Rurn 

time 

nnd 

temp. 

Untreated biirni 
(control nniinals) 

niirn-b 

CI'S 

Means 
of non- 
exclsed 
nrcas 

Excised -b 
vaseline 

Excised •^• 
tlnstIC- 
cessfiil 
Kraft 

Exrl«rd-(- 

CRS 

Esri^ed 

Tlir.-Fibr. 

Excised -f 
S or 

di.xzirdm 

Donor 

nrrn^ 

Mean of 
exebed 

16 

1-78 


0.3160 

0.0479 

0.3160 

0.0479 


0.1335 

0.0152 






17 

1-82 

0.1920 

0.0315 

■iiwadf 

0.2441 

0.0326 

0.3879 

0.0269 


0.3753 

0.0232 




0.3816 

0.0250 

18 

1-82 

0.2897 

0.0742 

0.3713 

0.0742 


0.2111 i 

0.0169 ■ 


0.3073 

0.0240 




0.2502 

0.0201 

19 

1-80 

0.2965 

0.0582 

0.2273 

0.0394 

0.2619 

0.0138 

0.1903 

0.0134 


0.2170 

0.0143 




HBiHI 

20 

1-SO 


0.1707 

0.0265 

|H 

0.2145 

0.0101 


Hi 




0.2102 

0.0104 

21 

1-80 

0.2187 

0.0370 

wsbh 


0.3020 

0.0213 


0.3050 

0.0354 


i 


m 

22 

1-80 


0.1834 

0.0171 

0.1911 

0.0236 

liH 




0.2383 

0.0161 


0.2885 

0.0182 

24 

1-80 





0.3970 

0.0269 





0.3970 

0.0269 

27 

1-81 

0.2395 

0.0406 

O.IOSO 

0.0204 


0.6040 

0.0300 







28 

1-81 

EflSSIIHHi 

wm 

jS 

0.2620 

0.0136 


0.3100 

0.0131 





30 

1-81 

0.2390 

0.0328 

0.1865 

0.0338 

0.2130 

0.0332 

0.4310 

0.0194 


0.2210 

0.0095 




0.3258 

0.0144 

31 

1-81 

0.2780 

0.0421 

0.2490 

0.0377 

0.2630 

0.0399 

0.1800 

0.0132 


0.2830 

0.0130 




0.2320 

0.0131 

Total 

numbers 

20 

13 

19 

13 

7 

15 

4 

2 

5 

22 


made (Figures 1 and 2, respectively). Each cir- 
cle on the graphs represents the mean of a stated 
number (N) of observations. The smooth 
curves are theoretical curves to be discussed pres- 
ently. From these comparisons two important 
inferences are made: (7) that healing proceeds 
significantly faster when the burned area is pc- 
cised, and (2) that CPS has no effect on healing 
which differs from the effect of an inert reagent, 
such as vaseline. In all instances, it will be ob- 
served that the curves are typical simple growth 
curves, symmetric about P = 50 per cent and 
showing no discontinuities. To further document 
these remarks now requires a second step in the 
analysis of the data. 

The contrast between the general properties of 
two growths can be brought, into sharper focus 


by an elementary theoretical treatment. This is 
particularly true when the growth of a more or 
less homogeneous tissue is considered, for then 
the growth curve can be linked to certain basic 
factors in cell economy. Thus, if, as has been 
done (10), we postulate that the 


Rate of 
growth 
of cells 


Intrinsic proliferation 
rate of non-inter- 
acting cells 


Effect of inter- 1 
actions among L 
cells J 


we may form a simple theory (12) to account for 
the growth of a homogeneous colony so that: 


{ Intrinsic proliferation] 
rate of non-interacting } = (constant) X N = AN 
cells j 

Effect of ] f Effect of nutri-] f Effect of ] 
interactions [ = ■- t tional and excre- 1 — •! spatial [ 
among cells J I tional interactions J [ interactions ) 

= - BN* - CN* 
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where N is cell number, and A, B, and C are so- 
called vital coefficients (13). Putting these to- 
gether we obtain the differential equations of the 
growth as, 

^ = AN - (BN» -f CN*) (i) 
at 

Although the factor C is usually small, it intro- 
duces considerable mathematical difficulty (12) 
into the application of equation (1), and further- 
more requires a greater number of experimental 
points than is here furnished. 

However, the simpler form of (1) — omitting 
the C — originally proposed by Robertson (14), 
though with a different interpretation (auto- 
catalysis), can be easily applied to give compara- 
tive estimates regarding A and B. The integral 


form of (i) can be written as, 

^ 1 + Ke-^‘ ’ ® "" N(cc) 

As remarked above, N/N(t») = (a(o) — 
a(t))/a(o). Substituting into (2) and re- 
arranging, we have 

from which it follows that A, the per cent rate of 
growth of non-interacting cells, can be obtained 
as the negative of the slope of a logo (a(t)/(a(o) 
— a(t)) vs. t. Then B, the cocfficiejit of retarda- 
tion due to interactions such as competition or 
possibly infection can be found from (2), at least 
up to a constant of proportionality. 



Pic, I. CoMr.M-iw):: or rnc Enxer or Exn'ic'i: (Cvn-r-l) r.-mi 
Non-Exci 5 ;o;: (Cvim:- 2 ) 

Eich rirdc the zn-rsn of th.c jr-edf.rJ rve-.t-er ()>') c; 

Tl;; thfcrctira! cerxes ire, mi-mivr’r, p— KO'fl - T.r-' i>", ; jj -- 
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Fig. 2. Illustration of the Failure of CPS in Affecting the 

Curve of Healing 

Each white and black point is the mean of 14 paired observations. Tlie 
control excisions were surfaces coated with vaseline. The theoretical curve 
is the mean theoretical curve for the healing of any excision surface, 

P = 100/(1 +70e-o-i98t). 


Equation (2) has been applied and A and B 
have been determined in each of 79 cases with 
encouraging results. A typical plot of equation 
(3) appears in Figure 3. In the great majority 
of cases, the equation was followed with precision, 
from which fact it can be inferred that the healing 
phenomenon, or perhaps the limiting process of 
the phenomenon, closely resembles the growth of 
•a more or less homogeneous cell population. 
Such an over-enthusiastic interpretation of this 
result can be easily challenged on histological 
grounds. For example, the contraction of a col- 
lagen network may be largely responsible for the 
closing of a ^yound, and this process m turn may 
be paced by the migration of fibroblasts from a 
regenerating blood supply. The poMi i ity re 
mains, however, that either or both of these 
agencies may be regarded as homogeneous popu 
lations of units whose function is contributing 


directly to the closure of the wound rim, and 
hence obeying the law of equation (2). Obvi- 
ously, the present experiments cannot give the 
final answer to this question; yet it would be un- 
wise to overlook the suggestions -which arise from 
them. Quite aside from the question of mecha- 
nism, it should be emphasized that the constants 
A and B, as theoretically determined, measure 
respectively a per cent rate of growth and an in- 
hibitory interaction amongst the growing tissue. 
They are mathematical consequences of the ex- 
perimental data, and are as real as the data. 

The evaluation of these constants (Table I) 
has been applied to yield certain interesting results 
such as the frequency distributions of A and B 
for various experimental conditions (Figure 4). 

In the comparison of excised burns with control 
burns, it appears that no statistically significant 
difference exists between the proliferation rates 
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Fig. 3. A Typical Plot (Animal No. 7) of 
Log ta(t)/(a(o) — a(t))] vs. t 
Actually the values of the argument of the logarithm 
have been plotted on a semilogarithmic grid. Tangents 
of the angles of inclination can be multiplied by 0.13S2 
to yield logarithmic slopes to the base c. 

(A’s) in the two eases, but there is only one 
chance in 5(X) (t = 3.16: P<2 per cent) that 
the difTercnce in the average B's for the two 
groups will be quite accidental. Thus, keepinp; 
in mind tlic precautions discussed above, we may 
say tentatively that the average per cent prolifera- 
tion rate followintt an uncxcised bum is not sip- 
nificantly lower than tlic rate follouinp excision, 
but that on the oth.cr hand, tb.c inb.ibitora- inter- 
actions arc far greater wb.en tb.c bum is not 
I'Xci't'l. Tb.c failure to <’ttc\'t anv cb.anpe in ibc 
per cent proliferation rate does not supp»art the 


concept that the burned tissue releases some 
growth-depressing substance. 

The other frequenej' distributions (Figure 4) 
further emphasize the fact that the CPS has no 
effect either on A or on B when applied directly 
to the burn, or following excision. It is quite 
possible that the favorable observations made on 
this extract were on otlier than third degree 
bums. The determination of the degree of the 
bum in the present investigation was unequivocal, 

A glance at the growlh constants for the other 
reagents, e.g., sulfonamide, diazifilm, or graft- 
donor (Table I), will show that within our data 
no difference can be said to exist between them 
and the constants for the vaseline-treated wounds. 

SUMMARY 

1. The rates of epithelization of experimental 
third degree burns treated by various mctliods 
have been determined and analyzed according to 
newer knowledge of growth formulas. 

2. The superiorit)- of a coagulated plasma- 
sulfonamide film as a therapeutic agent in the 
treatment of third degree burns over other agents 
has not been substantiated in this investigation. 

3. Surgical excision of a small third degree 
burn in rabbits significantly shortens its healing 
time. The main effect of this treatment seems 
to be in the removal of inhibitor)' cell interactions 
rather than on the proliferation rate. 

4. Vaseline and sulfanilamide, thrombin- 
fibrinogen, and plasma sheets applied to tlicsc 
surgical wounds seem to have approximately tlw 
same effect on regrowth as docs no medication. 

5. Tile airve of healing of both control .and 
excised burns foliow.s tlic grnv.'tli curve of n 
homogeneous cell colony with iiigh precision. 

Licjtenar.l (j;:) C, Manin U.'-N'/!. 
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PROLIFERATION CONSTANT, A. PROLIFERATION CONSTANT, A. 



INTERACTIVE (INHIBITORY) CONSTANT, 8. INTERACTIVE ( INHIBITORY) CONSTANT, B. 



IHTESACTIV& (INHIBITORY) CONSTANT, 8. PROLIFERATION CONSTANT, A. 


Fig 4 Histograms Illustrating the Distribution of Growth Constants A (Per Cent Rate of Pro- 
liferation) AND B ■ (Interactive Constant) in the Course of Certain Experimental Comparisons 
No distributions are significantly different except those for B in the comparison, excision vs. non-excision. 
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There is how unequivocal evidence that creatine 
is formed from glycine, arginine, and methionine 
(1). It is equally well established that creatine 
can be transformed into creatinine and excreted 
in this form by tbe kidne 3 's (2). Creatine is also 
concerned with the intermediary metabolism of 
carbohydrate. 

By a photometric modification of Folin’s 
method, devised by Peters (3), Tierney and 
Peters (4) demonstrated that the serum of nor- 
mal men contained measurably significant amounts 
of creatine. They found that the serum creatine 
was elevated in patients with hyperthyroidism. 
Creatinuria was almost invariably associated with 
concentrations of serum creatine greater than 0.6 
mgm. per cent, suggesting that creatine, pre- 
sumably filtered in the renal glomeruli, is com- 
pletely reabsorbed in the tubules when its concen- 
tration in the serum is less than 0.6 mgm. per cent. 

■ The present paper deals with the serum creatine 
and creatine excretion in various pathological 
conditions and after certain induced physiological 
disturbances. 

METHODS 

Patients on the wards of the New Haven Hospital 
were studied. Serum from blood collected undersoil 
and centrifuged with anaerobic precautions was analyzed 
by the method described by Peters (3). Specimens of 
urine were collected whenever possible during the course 
of the experiments and analyzed by a similar method, 
using the suggestion of Tierney and Peters (4) that the 
urine be diluted' to a specific gravity of 1.010. It \yas 
found that if 5 ml. of urine, already diluted to a specific 
gravity of 1.010, were further diluted to 200 ml., the 
concentration of creatine more regfularly fell into a range 
suitable for photometric measurement. 

All experiments were conducted in the morning, after 
patients had been without food for 10 hours or more. 
No food was given until the experiments were com- 
pleted, except in the 2 instances in which the effects of 
large meals were observed. For the glucose studies, SO 
ml. of 50 per cent glucose were injected intravenously. 
In other experiments, 50 grams of an enzymatic hydroly- 
sate of casein (Amigen, made by Mead, Johnson and 


Co.) were injected intravenously, cither as a 10 per cent 
solution or as a 5 per cent solution in 5 per cent glucose. 
This contains 6 grams of nitrogen. Blood samples were 
collected before the injection, 5 minutes after the termi- 
nation of the infusion, and at intervals thereafter. Sam- 
ples were never taken from tlic vein used for the infusion. 
All determinations were made in duplicate and, if these 
did not check, were repeated or discarded. Changes of 
scrum creatine smaller than 0.2 mgm. per cent are not 
considered significant. 

RESULTS 

In Table I are observations on 26 men and 13 
women with various diseases. Of tbe men, only 
7 had creatinuria, and in all of these, serum 
creatine exceeded 0.7 mgm. per cent. SP had 
no creatinuria during the experiment although his 
serum creatine was 1.62 mgm. per cent. Cre- 
atine did, however, appear in his urine later in 
the day. This unusual sequence may have been 
related to renal failure which Rabe (5) has found 
may disturb the relations between urine and 
serum creatine in bizarre ways. Women had 
creatinuria more frequently than men, but only 
when the serum creatine exceeded 0.5 mgm. per 
cent. No creatine was found in the urine of MP 
with a serum creatine of 0.7 mgm. per cent. It 
is to be noted that on several occasions no sig- 
nificant amount of creatine could be demonstrated 
in the serum. 

With the exception of JCo, all the men with ele- 
vated serum creatine were desperately ill; in fact 
all of them died within 5 days of the observations. 
This was not true of the women, although the 
prognosis in the cases of RF, GM, and DB was 
considered poor or hopeless. This is merely an- 
other illustration of the greater tendency to 'cre- 
atinuria among women. 

Table II shows the effects on serum and urine 
creatine of a meal, intravenous glucose, and intra- 
venous casein hydrolysate. Neither the meals 
nor the glucose infusions altered serum creatine. 
In the experiment in which urine was obtained 
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TABLE 1 

Urine and serum creatine in miscellaneous diseases 


Sub- 
ject - 

Male 

Creatine 

Diagnosis 

Serum 

Urine' 


mgm. 

mgm» 



per 

per 



cent 

cent 


TCo 

0.8 

27 

Fractures of ribs and legs 

HC 

0.2 

0 

Regional enteritis 

PO 

0.7 

0 

Carcinoma of stomach 

HM 

0.3 

0 

Lymphosarcoma 

EM 

0.1 

0 

Peptic ulcer with obstruction 

CL 

0.2 

0 

Reticulum cell sarcoma 

CV 

0.1 

0 

Pernicious anemia 

EC 

0.2 

0 

Pernicious anemia 

FC 

0.3 

0 

Carcinoma of lung w/ metastases 

AS 

0.5 

0 

Carcinoma of lung wjf metastases. 




jaundiced 

ED 

0.2 

0 

Postoperative appendectomy 

RS 

0 

0 

Postoperative appendectomy 

VP 

0.3 

0 

Postoperative appendectomy 

HD 

0.3 

0 

Osteomyelitis of jaw 

AG 

0.3 

0 

Empyema 

FD 

0.1 

0 

Meningococcus meningitis 

JSa 

0.1 

0, 

Advanced pulmonary tuberculosis 

JCa 

1.4 

44 

Far advanced pulmonary tuberculo- 




sis, died ’ 

TE 

1.2 

16 

Tuberculosis with tuberculous men- 




ingitis, died * 

LP 

0 

0 

Undiagnosed muscular disease, ? der- 




matomyositis 

GC 

0.2 

0 

Myasthenia gravis, treated 

SP 

1.6 

0> 

Bronchopneumonia, died ’ 

JSi 1 

2.0 

46 

Bronchopneumonia, died * 

CP 

2.6 

117 

Subacute bacterial endocarditis, 




died‘ 

FL 

1.4 

S3 

Syphilis, subarachnoid hemorrhage. 




died* 

BB 

1.3 

23 

Regional enteritis, died * 

Female 




AH 

0 

0 

Pernicious anemia of orecnanev 

FH 

O.S 

0 

Diabetes, psychoneurosis 

HF 

0.5 

0 

Diabetes, gangrene of foot 

MJ 

0.3 


Diabetes, post-acidosis 

LU 

0.3 

0 

Acute rheumatic fever with carditis 




and failure 

AR 

0.6 

29 

Acute rheumatic fever with carditis 




and failure 

ET 

O.S 

8 

Heart disease with fibrilbtion and 




failure 

MF 

1.2 

8 

H>-pcrtcnsivc cardiovascular disease 




and failure 

MP 

0.9 

19 

Ulcerative colitis 


0.7 

0 


DB 

0.9 

25 

Cerebral thromboses 

RF 

0.6 

11 

Chronic febrile disease, ? lupus 

GM 

0.9 

84 

Disseminated lupus 

AC 

1.0 

7 

Acute trichinbsis 


I ^OBCcnlration in urine diluted to 0.010. 

. "Ito died did so within 5 davs of study 

‘ A PN elevated to S7. ' 


before and after glucose (SP), the rate of cre- 
atine excretion did not change. 

TJic response to intravenous casein hydrolvsatc 
depended on the initial concentration of creatine 


in the serum. In the 4 patients with normal 
values before infusion, serum creatine remained 
within normal limits after infusion, although its 
concentration raried slightly. These variations 

TABLE II 

The effects of various procedures upon urine and 
serum creatine 

Hours are counted from the end of the infusions or meals. 
Start indicates the initial post-absorptive value. The in- 
fusions of casein hydrolysate were given over periods of 
2 hours or more. Consequently, values are given not only 
at the start, but also at the end of the infusion. Urine 
figures in parentheses represent concentrations of creatine 
in terms of mgm. per cent, when the rate of urine excretion 
could not be determined because the period over which it 
was formed is unknown. Clearances are estimated only 
over periods in which the concentration of creatine' in the 
serum remained constant (post-absorptive specimens) or 
when it was descending. In the latter case, it was calcu- 
lated by the method described by W'inkler and Parra (7). 


Subject 

Time 

Creatine 

Scrum 

Urine 

Clearance 


hcrurs 

mgm^ per 
unt 

fngm. per 
hour 

ml, per 
min. 


Infusions of casein hydrolysate 


CP 

Start ! 

2.3 

86 

63 


End 1 

2.7 




1 

2.6 

40 



2 

2.3 




3 

2.2 

120 



4 i 

2.2 




5 1 


157 

120 

GM 

Start 

0.9 

(30) 



End 

1.5 



1 

1.1 

74 



2 

0.9 




3 

0.8 j 

37 

65 


4 

0.7 ! 




5 


10 

24 

DB 

Start 

0.9 

22 

44 


End 

1.5 




2 

1.1 

43 j 



4 

1.0 

29 ! 

47 

JS 

Start 

2.0 

(83) 


End 

3.4 




1 


(125) 



4 

3.4 

i 



6 


i 

7 

SP 

Start 

1.6 

1 0 

0 


End 

2J 

0 



2 





4 

t 1.0 

26 



6 


26 

45 

BB 

Stan 

1 1-3 

15 

21 


Dunne 

1.5 




End 

3.5 

b 



•» 

1.0 




5 

t 


4 ! 



382 


CHARLES M. GROSSMAN 


TABLE II — Continued 


Subject 

Time 

Creatine 

Serum 

Urine 

Clearance 


hours 

ingm. {>er 
cent 

mgm. fer 
hour 

PiL Per 
min* 


Infusions of casein hydrolysate — Continued 


RF 

Start 

0.6 

(13) 



End 

0.6 




2 

0.4 

10 



4 

0.3 

0 

0 

JCo 

Start 

0.8 

40 

83 

End 

0.6 

36 



2 

0.6 




4 

0.6 

39 

105 

VP 

Start 

0.3 

0 

0 


End 

0.2 

0 



2 

0 

0 



4 

0 



GC • 

Start 

0.2 

0 

0 


End 

0.2 

0 



2 

0 

0 



4 

0 



LP 

Start ' 

0 

0 

0 


End 

0.2 




2 

0.2 

0 



4 

0 

0 


RS 

Start 

0 

0 

0 

End 

0.1 




2 

0 

0 



4 

0 

. 0 



Infusions of glucose 


SP 

Start 

■ H 

2 

1.0 

1.0 

1.1 

26 

26 


JCa 

Start 

2 

1.5 

1.5 

1.5 



JS 

Start 

3.4 





3.4 




2 

3.2 



TE 

Start 

1.2 




14 

1.2 




Regular meal 


AS 

Start 

1 

3 

0.5 

0.6 

0.4 

0 

0 


MP 

Start 

1 

3 

0.7 

0.8 

0.8 

1 

0 

0 



may have resulted from llic infusions, (>r inav 
represent siiontaiicoiis fluctuations. On tiir otiu-r 
hand, in all tiic patients who had marked eleva- 
tion of scrum creatine initially, the creatine rose 
significantly after the casein hydrolysate, the peak 
occurring at the end of the infusion in all eases. 
The urinary excretion of creatine also rose and 
fell, usually lagging somewhat behind the changes 
in the scrum. RF and JCo behaved difFcrcntly 
from the others. In both, the concentrations of 
scrum creatine, initially in the borderline range in 
which there may or may not lie creatinuria, fell 
significantly after the infusions, in RF to the 
point where creatinuria ceased. 

Initial and final creatine clearances were meas- 
ured in 5 eases. In 3 instances (CP, JCo. and 
GM), the}’ rose significantly, in 1 instance (DB) 
equivocally. The results, in general, confirm the 
observation of Tierney and Peters (4), that cre- 
atine clearances vary with the concentration of 
creatine in the serum. 

Five duplicate analyses of the casein hydroly- 
sate revealed no significant amounts of preformed 
creatine. 

DISCUSSION 

Of the subjects studied, 3 had no measurable 
amounts of creatine in their sera and 4 others 
(CV, EM, JSa, and FD) had traces only. This 
suggests that a zero value by this technique is 
not necessarily abnormal. 

The lack of significant change in the serum 
creatine following a meal may be due to various 
factors. The carbohydrate may be without imme- 
diate effect, the amount of preformed creatine 
may be too small to affect the serum appreciably, 
the amino acids provided by the meal may not be 
utilized to an appreciable extent for synthesis of 
creatine. It is possible that creatine is formed, 
but is so rapidly distributed and utilized that its 
concentration in the serum does not rise. The 
acute disturbance of carbohydrate metabolism in- 
duced by intravenous injection of 25 grams of 
glucose evidently has no gross - effect upon the 
general metabolism of creatine. 

Since the casein hydrolysate contained no pre- 
formed creatine, the elevations of serum creatine 
after injections of this mixture signify that the 
formation of creatine increased. They cannot be 
attributed to failure of excretion because urine 
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creatine either increased or remained constant. 
Presumably the increments were derived from the 
3 per cent of methionine and 5.5 per cent of argi- 
nine in the hydrolysates. Bloch and Schoen- 
heimer (1) and Borsook and Dubnoff (6) have 
proved that these amino acids are the materials 
from which creatine is formed. It is possible 
that, in the 6 patients who did not develop hyper- 
creatinemia and creatinuria, the synthesis of cre- 
atine was relatively inactive, that serum creatine 
rose in the others because of some particular de- 
mand for this compound or because the materials 
required for its synthesis were not diverted to 
other purposes. 

It is more probable that the synthesis of 
creatine was equally active in all patients; but 
that its distribution, utilization, and disposal were 
retarded in those patients who had initially high 
serum creatine. The reactions to the amino acids 
in these experiments are quite comparable to the 
reactions to ingested creatine reported by Tierney 
and Peters (4). In the latter, synthesis can have 
played no part. The falls of serum creatine in 
JCo and RF may have denoted further accelera- 
tion of the processes by which creatine is removed 
from the blood. The low initial concentrations 
are merely evidences of the same phenomenon. 

The experiments as a whole support the evi- 
dence of Tierney and Peters (4) that creatinuria 
denotes that serum creatine is greater than 0.5 
mgm. per cent. In no case of tliis series was 
creatinuria encountered when serum creatine was 
below 0.5 mgm. per cent; in only one was it ab- 
sent when serum creatine exceeded 0.8 mgm. per 
cent. The presence or absence of creatinuria in 
patients with scrum concentrations between 0.5 
and 0.8 mgm. per cent may be a mark of indi- 


vidual variability and technical errors, which may 
amount to 0.15 mgm. per cent. 

SUMMARY 

Creatinuria in persons suffering from a variety 
of diseases was found to be regularty associated 
with elevated serum creatine. 

Serum creatine was not altered by the intra- 
venous injection of 25 grams of glucose or by 
a large breakfast. 

The serum creatine of subjects with initially 
high serum creatine rose and creatinuria appeared 
or increased after the intravenous injection of an 
enzymatic hydrolysate of casein. 

The autlior wishes to express his gratitude to Dr. 
John P. Peters whose suggestions and criticisms have 
been most valuable. 
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This paper deals with the results of experiments 
planned to investigate the diuretic action of so- 
dium dehydrocholate (dccholin sodium ") in car- 
diac patients with congestive heart failure and 
to compare its action with that of the organic 
mercurial, mercupurin. While there are several 
reports in the literature suggesting that decholin 
sodium has diuretic properties, the methods em- 
ployed for its study heretofore leave its efficacy 
open to question. In the present study, the ob- 
servations were made on ambulatory patients, 
and the diuresis was determined by change in 
weight in a manner similar to that described in a 
previous investigation (1). In this method, the 
patient loses weight as the result of the dose of 
the diuretic agent, and regains it by the time of 
the next injection. It is therefore possible to 
repeat the same dose, under essentially similar 
conditions of edema in the same patient, as many 
times as is necessary to secure a reliable average 
response to a given dose. 

Neubauer (2) appears to have been the first 
to direct attention to the possible use of decholin 
sodium as a diuretic agent. He observed that 
this action in man is feeble and inconstant. Sev- 
eral reports have since appeared describing the 
diuretic activity of decholin sodium. It did not 
seem profitable to present a detailed leview of 
all of them, but we may refer to a number of 
representative papers, sufficient to indicate the 
statements concerning the diuretic action of de- 
cholin sodium which one is likely to encounter. 
From the scientific standpoint, the literature on 
this subject is not satisfactory. Many of the re- 
ports are based on routine experiences rather 
than on the results of experiments so designed 
as to eliminate common sources of error and to 

iThis study was supported in part by a grant from 
Riedel-de Haen, Inc. 

-Riedel-de Haen, Inc. 


supply data suitable for objective analysis. 
While there is general agreement that decholin 
sodium exerts a diuretic action, views differ con- 
cerning its extent and regularity. Some found 
that it rarely fails to produce diuresis (3), others 
that it fails in 40 per cent of the cases (4). Most 
reports found it less effective than the organic 
niecurials (5), others as effective as, or often 
even more effective than the organic mercurials 
(6). Certain workers (7) noted that while the 
daily increase in urine is slight or inconstant, 
especially in those without edema, the drug regu- 
larly increases the urine in the first 2 hours, an 
effect which subsides in 3 to 5 hours. The view 
was expressed in some of the earlier papers that 
decholin sodium prolongs or enhances the diuretic 
effect of the organic mercurials. It has been 
stated (8), but without sufficient evidence, that 
the 2 gram dose of decholin sodium produced the 
effect of the 1 ml. rather than of the 2 ml. dose 
of salyrgan, and that the combination of the two 
agents sometimes caused additive, sometimes po- 
tentiative effects. The synergism was stressed in 
a more recent report (9) but again without evi- 
dence, since the paper shows insufficient controls 
with comparable doses of the organic mercurial 
alone. The dose employed in most of the reports 
was 2 grams of decholin sodium given intra- 
venously as 10 ml. of a 20 per cent solution, al- 
though doses of 4 grams have also been used (3). 
It was repeated daily or every other day without 
apparent poisoning. Most reports noted the bit- 
ter taste after the injection. Some observed 
slowing of the heart rate and temporary fall of 
the blood pressure by as much as 30 mm. Hg 
(4), while others observed no effect on either. 
An occasional rise of the temperature and, after 
repeated daily injections, a mild diarrhea have 
been reported (10). It is stated that the drug 
exerts a diuretic action in normal subjects and in 
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patients with edema in association with cardiac, 
renal, or hepatic disease, the effect being smallest 
in the normal and greatest in those with cardiac 
edema (11). Although the effect of decholin 
sodium is less than that of the organic mercurials, 
it has been suggested, but without sufficient proof, 
that it might be useful in cardiac edema not only 
when other diuretics cannot be used, but ivhen 
others fail (11). 

Little is known concerning the mechanism of 
the diuretic action of decholin sodium. Observa- 
tions have been presented (12) in support of the 
belief that the effect is mediated through a pri- 
mary action on the mechanism of water storage 
in the liver. Certain authors (13) noted that 
intravenous doses of decholin sodium exert a 
nephrotoxic action in cats and dogs resulting in 
tubular degeneration. Another (14) was unable 
to confirm it in cats. The belief has been ex- 
pressed (15) that both renal and hepatic action 
are responsible for the diuresis. 

EXPERIMENTAL 

The observations of the present study were made in 
a group of 32 ambulatory cardiac patients selected from 
among ISOO patients in attendance in the cardiac clinics. 
The characteristics of those that received decholin are 
summarized in Table I. They all had advanced organic 
heart disease and far advanced failure with congestion. 
The more common etiological varieties of heart diseases 
are represented. All had fairly marked enlargement of 
the liver due to chronic passive congestion. These pa- 
tients had been in attendance in our clinics for periods 
of several j-cars. They were under continuous treat- 
ment with digitalis. The heart failure had reached a 
stage in which digitalis in full dosage was no longer 
sufficient to maintain the patients in reasonable comfort 
and free of edema* They were able to remain up and 
about and to carry on moderate activity only through 
the aid of mercurial diuretics which had been used in 
these cases for periods up to 2 years. 

The effect of the drug was studied by means of the 
following: (I) amount of diuresis, (2) size of liver, 
’ (3) heart rate, (4) blood pressure, (5) urinalysis, (6) 

Wood X.P.K., (7) subjective symptoms and reactions. 
The patient was weighed just before the injection, and 
again, 15 hours later. The loss in weight was taken 
to represent the diuretic effect. This procedure was 
repeated cverv' week. For comparison of different drugs 
or doses, each was alternated with the other for several 
weeks, Oiange.s in liver size were determineti weekiv 
by measuring the perpendicular slistance l>ctwren the tin 
of the xiphoid process and the liver edge. Th.c heart 
_ rate and fdorv! pressure were taken during e.ac;i vj«iL 
The urine was o..aminrd for albunun and forme.} ele- 


TABLE I 


Characlerislics of paliertls used in study 


Name 

; Age 

Isex 

Diagnosis* 

Ma Sp 


M 

A.S., Hyper., E.H., Cor. Thromb., 
N.S.R. 

Na Sa 

58 

M 

A.S., Hyper., E.H., Scler. Aorta, 
N.S.R. 

Lu He 

34 

F 

R.F., E.H., M.S., M.I., N.S.R. 

Le Jo 

40 

M 

L., E.H., A.I., N.S.R. 

An Pe 

63 

M 

L-i Hyper., E.H., A. I., A.F. 

An Wa 

67 

F 

A.S., Hyper., E.H., N.S.R. 

Si Ro 

73 

M 

A.S., Cor. Scler., N.S.R. 

El Vo 

70 

F 

A.S., Hyper., E.H., Dil. Aorta, N.S.R, 

Em Hi 

56 

F 

R.F., E.H., M.S., M.I., A.L, A.F. 

Gu Na 

53 

F 

R.F., Hyper., E.H., M.S., M.I., A.F. 

Mo Me 1 

52 1 

M 

R.F., E.H., M.S., M.L, A.L, N.S.R. 

Es Is i 

62 1 

F 

A.S., Hyper., E.H., A.F. 

Ra Ma 

59 

F 

L., A. I., An. Aorta, N.S.R. 

He Fa 

42 i 

F 

Hyper,, E.H., Ang. Synd., N.S.R. 

Id Ha 

56 

F 

A.S., Hyper., E.H., Scler. Aorta, 
N.S.R. 

Mo Ne i 
Be Ru ^ 

61 

M 

A.S., E.H., Cor. Scler., Dil. .Aorta, 
Ang. Synd., N.S.R. 


36 

F 

R.F., E.H., M.S., M.I., A.I., N.S.R. 

Mo Ka 

1 

60 

M 

R.F., E.H., M.S., M.L, .Ao.St., A.L, 
A.F. 

Es Bu j 

48 

F 

A.S., Hyper., E.H., N.S.R. 

Re \Vi i 

56 

F 

Hyper., E.H., B.B.B. 

Ja Ad 

67 

M 

A.S., Hyper,, E.H., Cor. Thromb,, 
Scler. Aorta, N.S.R. 

Ma Lu 1 

60 

M 

A.S., Hj'pcr., E.H., Scler. Aorta, zVF. 

Is Ro i 

66 

M 

A.S., E.H., An. Aorta, B.B.B. 

Cb Co 

59 

M 

A.S., E.H., N.S.R. 

Be Wi 1 

1 

6S 

M 

R.F., E.H., M.S., M.L, N.S.R. 


• According to “Nomenclature and Criteria for Diag- 
nosis of Diseases of the Heart” of the New York Heart 
Association (1942). 

A.S. (.Arteriosclerosis); R.F, (Rheumatic Fever); L. 
(Lues); Hyper. (Hypertension); E.H. (Enlarged Heart); 
Cor. Scler. (Coronary Sclerosis); Cor. Thromb. (Corona^. 
Thrombosis); &ler. Aorta (Sclerosis of the Aorta); Dil. 
Aorta (Dilatation of the Aorta); An. -Aorta (Aneurysm of 
the Aorta); M.S. (Mitral Stenosis); ?>!.L (Mitral Insuffi- 
ciency); Ao.St.(Aortic Stenosis);. A.I. (.Aortic lnsu(hcienc>0; 
N.S.R. (Normal Sinus Rhythm); A.F. (Auricular Fibrilla- 
tion); B.B.B. (Bundle Branch Block); Ang. Synd. (Anginal 
Syndrome). 

ments, and the blood N.P.N. was determined at intervals 
of 2 weeks. The decholin sodium was used in 20 per 
cent solution in doses of 10 ml. or 2.0 gr.ims. It was 
administered intravenously, taking 2 to 3 minutes ffir the 
injection. Most patients received 4 such doses, either 
alone, or in combination with mercupurin. V.'h.en t:ie 
two drugs were given together, they were mire.l in the 
same syringe. Tb.c mercupurin was also injer!.-! 
intravcnrrjsly. 

r.KSULT.c 

Tlicrc were, in all, Z54 intravenous :njec!:o:r. 
of meratpttrin nnd 9S of T;;v 

rc5nlts of the c.'.'fscrirrtents •.'.r.frJ: r. ere f.-."- 
torily cnutpleti-l I'.r.vc l- en 1 in Tr,' *'' U. 

Iti view o: t;;c fact tluit ti:c j -.s': v.t.' v..;;'';'-; 
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TABLE 11 

Comparison of dccholin and mcrcupurin under 
various conditions 


Drug 

Dose 

No. i 
of 

testa 

No. j 
of 1 
p.T j 
ticnts 

Wt. loss (Ihs.) 

Aver- 

aRC 

i 

S.E. , 

1 

Rnngc 

— A — 

0 

0 

13 

10 

0.4 

±0.2 

-1.2S to 
+1.0* 




1 

Mcrcupurin 

1 or 2 ml. 

93 

1 

22 

4.9 

±0J9 

0,5 to 15.5 

Dccholin 

2 grams 

55 

22 

1.5 

±0.18 

0 to 4.5 

Mixture 

Mercupurin 

Dccholin 

1 or 2 ml. 

2 grams 

38 

21 

6.2 

±0.44 

0 to 13.0 


— C — 


Mercupurin 

1 ml. 

31 

6 

5.1 

±0J0 

3.6 to 6.8 

Mercupurin 

2 ml. 

31 

6 

7.0 

±0.28 

4.3 to 8.1 

Mercupurin 

2nd ml. 

31 

0 

1.9t 



Dccholin 

2 grams 

10 

6 

1.7 

1 

±0A6 

0 to 4.5 


— D — 


Mercupurin 

Decholin 

Mixture 

Mcrcupurin 

Decholin 

1 ml. 

2 grams 

1 mi. 

2 grams 

57 

33 

24 

14 

14 

13 

4.9 

1.8 

6.3 

±0.44 

±0.23 

±0.38 

1.0 to 9.3 

0 to 4.5 

3.0 to 10-3 



— E- 

- 




Mercupurin 

Dccholin 

2 ml. 

36 

9 

5.1 

±0.66 

0.5 to 15.5 

2 grams 

22 

8 

0.9 

±0.22 

0 to 4.0 

Mixture 

Mercupurin 

Decliolin 

2 ml. 

2 grams 

14 

8 1 

i 

5.9 

±1.02 

0 to 13.0 


* Control cases are only instances of gain in weight, 
t Obtained by subtracting the 5.1 ml. from the 7.0 ml. 
S.E. (Standard Error). 


and received the injection in the evening, and the 
loss of weight was determined the following morn- 
ing, there was the possibility that in this period 
the effect of rest in bed, bowel movement, and 
food intake might result in a change in weight 
without drug. This was tested in 13 trials 
(Group A). The results show that while some 
gained and others lost weight, the net result was 
an average 0.4 pound loss of weight in the 15- 
hour period without drug, an amount which is 
close to the limit of accuracy of the scale for 
weighing the patients and outside of the range of 
the vast majority of losses of weight occurring 
after the diuretic agents. Since the data were 
not sufficient to determine the precision of this 
factor, the ratios in the tables were calculated on 


the basis of the actual changes in weight following 
the use of the diuretic agents. 

Mcrcupurin showed a failure of diuretic re- 
sponse in 3 per cent of 134 tests and dccholin 
sodium failed in 19.6 per cent of 56 tests. 

After the intravenous injection of 2 grams of 
dccholin sodium, patients with cardiac edema 
developed a diuresis and lost an average of 1.5 
pounds. This was about 30 per cent of the effect 
of 1 or 2 ml. of mcrcupurin in the same group 
of patients (Group B). When the dccholin so- 
dium and mcrcupurin were injected together, the 
diuresis was greater than with either alone and 
the increase represented essentially a summation 
of the two actions. 

In one group of 6 patients (Group C) who 
were tested by both a 1 ml. and a 2 ml. dose of 
mcrcupurin, it was found that the 2 gram dose 
of dccholin sodium produced only about 33 per 
cent of the effect of the first ml. of mcrcupurin 
but its effect was nearly equal to that of the second 
ml. of mcrcupurin. Its effect was, therefore, 
nearly equal to the extra effect of doubling the 
dose of mcrcupurin in this dosage range. 

Among the patients receiving mcrcupurin, there 
were those who were more susceptible (Group 
D), requiring only the 1 ml. dose, and those who 
were more tolerant (Group E), requiring the 2 
ml. dose for the production of enough diuresis to 
control symptoms effectively. This difference in 
tolerance extended also to dccholin sodium since 
the 2 gram dose produced only one-half as much 
diuresis in those resistant as in those more sus- 
ceptible to mcrcupurin. These groups also show 
that the combined use of declplin sodium and 
mcrcupurin produces substantially summative 
diuresis. 

The foregoing relationships have been sum- 
marized in Table III. 

The size of the liver was uninfluenced by tlie 
manner of the treatment in these cases. The 
average size in 14 patients (17 tests) was 9 cm. 
before and 9.5 cm. after the dose in the case of 
the mercupurin, and in 16 patients (19 tests), it 
was 11,4 cm. before and 11.6 cm. after the dose 
in the case of the decholin sodium. 

The blood N.P.N. was also unchanged by the 
decholin sodium, average 38.4 mgm. before and 
39.4 mgm. after the 4 doses in 19 cases, and none 
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TABLE III 

Summary of results in comparison of diuretic effects of 
decholin and mercupurin 


1. Average loss of weight in the 15-hour 
. period (control) 

2. Average diuretic effect of 2 grams decho- 
lin sodium in percentage of that of mer- 
cupurin (1 or 2 ml.) 

3. Average increase in diuretic effect of 
mercupurin (1 or 2 ml.) by simultaneous 
injection of 2 grams decholin sodium 

4. Increase in diuresis produced by raising 
dose of mercupurin from 1 to 2 ml. in 
one series of patients 

5. Diuretic effect of 2 grams decholin so- 
dium in percentageofeffectof a 1 ml. dose 
of mercupurin in above series of patients 

6. Diuretic effect of 2 grams decholin so- 
dium in percentage of effect of the mer- 
cupurin in patients requiring 

(a) 1 ml. mercupurin for about a 5 lb. 
diuresis (sensitive) 

(b) 2 ml. mercupurin for about a 5 lb. 
diuresis (tolerant) 


0.4 lbs. 

30 per cent 
26 per cent 
37 per cent 
33 per cent 

36 per cent 
17 per cent 


of the individual cases showed any significant 
changes. There were no significant changes in 
the urine. There were no significant changes in 
the blood pressure. All patients experienced the 
bitter taste after the injection. One patient vom- 
ited. In one case, 8 ml. of the solution of de- 
cholin sodium was injected into the perivascular 
tissues. It caused mild fleeting pain which sub- 
sided without inflammation of thrombosis. 


SUMMARY AND CONCLUSIONS 

1. The effect of decholin sodium by intravenous 
injection in a dose of 2 grams was compared with 
that of mercupurin in a group of ambulator)' pa- 
tients with advanced heart disease and congestive 
failure. 

2. This dose of decholin sodium causes a mod- 
erate diuretic effect in about SO per cent of the 
cases, amounting on the average to about one- 
third as much as that of mercupurin. 

3. When the decholin is given with mercupurin, 
the diuresis represents the summation of the ef- 
fect of the two agents. 

4. Patients resistant to the diuretic action of 
mercupurin arc likely to be resistant to that of 
decholin as well. 

5. The 2 gram dose of decholin sodium given 
together with the 1 ml. of mercupurin may be 


expected to produce a diuretic effect similar to 
doubling the dose of mercupurin. 

6. The diuretic action of decholin sodium 
seems to be applicable to the same type of cases 
for which the organic mercurials are employed. 

The authors are indebted to Drs. Paul Auspitz and 
Herbert Berger for assistance in this study. 
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The efficiency with which diodrast (3, S-di- 
iodo-4-pyridone-l -acetic acid) and hippnran (o- 
iodohippuric acid) arc excreted by the renal tu- 
bules (1, 2) raises the question to what extent 
the organically-bound iodine in these molecules is 
responsible for the phenomenon of tubular excre- 
tion. Since suitable quantitative methods for the 
determination of unsubstituted compounds were 
not available, substituted derivatives of hippuric 
acid which could be determined by appropriate 
coupling reactions were prepared - and studied 
under conditions permitting the exact comparison 
of renal clearances with those of diodrast and 
hippuran. 

Methods o/ comparing clearances. When two 
substances, both of which are excreted by the 
tubules, are presented to the tubular excretory 
mechanism simultaneously, one substance may de- 
press the tubular excretion of tlie other (2, 3).'’ 
Consequently, in the absence of information to 

1 Aided by a grant from the Commonwealth Fund. A 
preliminary report on this work was given before the 
American Physiological Society in 1941 (22). 

2 We are indebted to Dr. Kenneth C. Blanchard for 
the synthesis of o- and p-hydroxyhippuric acid, p-amino- 
hippuric acid, 2-pyridone-l acetic acid, p-aminophenacc- 
turic acid, and several compounds not reported in this 
paper. Subsequently Merck and Company kindly pre- 
pared for us m-aminohippuric acid, p-aminomandelic 
acid, m-hydroxyhippuric acid, and additional p-amino- 
hippuric acid. p-Acetaminohippuric acid and cinnamoyl 
glycine were prepared by Mr. John Mulvaney under Dr. 
Blanchard’s direction. Large quantities of pyrogen-free 
20 per cent solution of sodium p-aminohippurate as well 
as the anhydrous (reagent) free acid for the prepara- 
tion of standard solutions were supplied through the 
courtesy of the Medical Research Division of Sharp 
and Dohme. 

sThat hippuric acid is excreted by the tubules was 
indicated in preliminary experiments by the fact that the 
intravenous administration of sodium hippurate markedly 
depresses the phenol red clearance (without affecting 
the filtration rate) in the dog. 


the contrary, the comparison of tubular clearances 
by the conventional simultaneous method is haz- 
ardous since, even if the two clearances are identi- 
cal, it is possible that the clearance of one sub- 
stance may be depressed by the presence of the 
other. Although essential in principle, this pre- 
caution has proved to be of minor importance 
with most of the compounds studied here, since 
“titration” experiments (unpublished), in which 
the plasma concentration of one compound is 
raised from zero in the presence of a constant 
concentration of the other compound, have shown 
that diodrast is more effective in depressing the 
clearance of p-hydroxyhippuric and p-aminohip- 
puric acid than these compounds are in depressing 
the diodrast clearance. Consequently we have 
designed our experiments so that diodrast was 
introduced into the blood after a series of clear- 
ance determinations with the hippuric acid deriva- 
tives. Thus there are afforded three methods of 
calculation : 

1. Comparison of successive clearances, wherein 
the clearance (Cx) of that compound (X) with 
either negligible or least depressive power is meas- 
ured alone in 3 successive 10-minute periods, 
followed by a similar 3-period clearance (Cx) 
determination of the second compound (Y), 
simultaneously with Cx, an interval of 20 minutes 
elapsing between the first and second series of 
clearances. 

In such experiments, the plasma concentration 
of X has been maintained at the lowest levels 
compatible with analytical accuracy; for o-, m-, 
and p-hydroxyhippuric acids this is 2 to 4 mgm. 
per 100 ml., for m- and p-aminohippuric acid and 
p-acetylaminohippuric acid, 1 to 3 mgm. per 100 
ml. Hippuran and diodrast have been used in 
plasma concentrations of 1 to 2 mgm. of iodine 
per 100 ml. With these plasma concentrations. 
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it is bdieved that the diodrast clearance is not 
appreciably depressed by the hippuric acid 
derivatives. 

In this method, precaution must be taken to 
insure that the renal blood flow remains as con- 
stant as possible throughout the t^vo series of ob- 
servations,, and that absolute errors in timing and 
collection of urine samples are reduced to a minir 
mum. One disturbing physiological factor is ex- 
cessive hydration to produce diuresis, which tends 
to cause renal hyperemia in the dog. It has been 
our experience that the renal plasma flow does 
not become constant after excessive hydration 
until the urine flow has fallen to below 3 ml. per 
minute (15 kgm. dog) and even then progressive 
reduction throughout 5 or 6 periods implies re- 
gression of hyperemia. At urine flows below 1.0 
ml. per minute, accurate timing and complete col- 
lection of urine samples are difficult. 

2. All the above errors may be avoided in some 
measure by comparing the successive Cx/Ccrj 
and Cx/Ccr 2 clearance ratios (Column 8, Table 
IV and Column 9, Table V) in the sense 
Cx/Ccrj "• Cv/Ccrj (whete Ccri is the creatinine 
clearance in the first 3 periods and Ccro the cre- 
atinine clearance in the second 3 periods). Alter- 
natively, the inulin (Cix) or mannitol (Cit) clear- 
ance ratio is used for this purpose in man. Here 
errors in timing and urine collection affect Cx 
and CcYj (or Cy and Ccrn) equally and hence 
cancel out. 

Moreover, in the dog the filtration rate, Ccr, 
tends to varj’ with the renal plasma flow, Cx (or 
Cy where Cy is approximately equal to Cx), the 
filtration fraction Ccr/Cx changing only slightly 
with marked changes in Cx- Consequently, 
changes in the renal plasma flow tend to be elimi- 
nated when one compares the successive clearance 
ratios. Indeed, for the dog. we consider this to 
be a much more accurate method of comparison 
than method 1. 

In man, tlic filtration fraction r-aries inversely 
as the renal plasma flow and the only advantage 
of this method, as compared with the preceding 
one. is the elimination of timing and collection 
errors. 

3. Where it is known th.at X does not depress 
the clearance of Y, an adequate concentration of 
X may he maintr.inejl in litc pl.asma throughout 
the determination of the Cy so that there !■: avail- 


able the simultaneous clearance ratio, Cx/Cy, in 
the second series of obsert'ations. So far as er- 
rors, other than possible mutual depression of 
clearances are concerned, this is of course the 
most accurate method of the three. 

Where av-ailable, all three ratios are reported 
in Tables IV and V. 

Blanks in plasma and cells. Because of the 
small order of magnitude of the blanks involved 
in both plasma and cells, these values were deter- 
mined additively: i.e., a known quantitj' of sub- 
stance under determination was added to a suit- 
able filtrate of plasma or cells (see ^Methods) and 
the blank determined by difference. Since it is 
possible that substances present in plasma filtrates 
may inhibit color development, in some instances 
at least 3 concentrations were added to aliquots 
of the same plasma filtrate and the resulting ap- 
parent concentrations plotted against the theoretic 
values. If no inhibition of color development is 
present, the 3 determinations should fall along a 
straight line with a slope of 1.0 and which either 
extrapolates through the zero coordinates or to a 
positive intercept equal to the value of a constant 
blank. (Such inhibition has been observed only 
on m-hydroxy hippuric acid as described under 
Methods.) 

Determination of the blank was, with few 
exceptions, carried out in each clearance experi- 
ment on any animal or man, and an appropriate 
correction applied to the analjlical data. A tabu- 
lation of these blank values is given in Table I. 
The blank values for the p-amino coupling reac- 
tion arc so small that they can be neglected with 
plasma concentrations of 1.5 mgm. per cent or 
higher of p-aminohippuric acid, etc. 

Blank excretion. Twelve examinations of 
timed urine samples from 7 indiriduals indicate an 
excretion rate of diromogcnic material behaving 
like p-aminohippuric acid, of 0.002 to 0.030 n-.gm. 
per minute (average 0.00S3). Since at a p’a«ri’.a 
concentration of 2 mgm. per cent and with a 
clearance of 600 ml. per minute. UV = 12 mgrn. 
per minute, this blank can l>e wholly neglecte-l in- 
clearance dctcmtiruitions. Tlie identity of tie 
compound or ccmj'ounds gi-.'in;' the c^lor rear- 
lion is unkno’.vn. On acid r.ydrclyr.i'. tk' U\' 
blank, increases iligbtly. but rerrutir.'. r.t rurk::'/’."'- 
STilue.'. Ti’.e blank exrrctior. f'- r b'.th -.-fru” 
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TARLE I 

Blatil'S ill plasma and cells in dofi and wan 



Dor 

Man 


Pl.ismn 


Cells 

Plasma 

Cells 

Compound 










No. of 


No. of 


No. of 


No. of 



determi- 

RnnRC 

dclcrml- 

RnnRC 

dclcrml- 

Rnnpe 

determi- 

RnnRC 


nations 


nations 

1 

1 

nations 


nations 




mum. per 


mcm. per 


mrm. per 


msm. per 



JOO ml. 


100 ml. 


JOO ml. 


100 ml. 

o-Hvdroxyhippuric acid 

2» 

0 to 0.28 

1 2 

0.38 

1‘ 

0 to 0.44 

P 

0.38 

o-Hydro.xj'hippiiric acid 

1 = 

0 

1’ 

0.04 





m-Hydroxyhippiiric acid 

52 

0.01 to 0.06 







p-Hydroxyhippuric acid 

6< 

0.1 to 0.3 

SJ.10 

0.3 to 1.97 

8 < 

0.13 to 0.26 

62 

0 to 0.31 

m-Aminohippuric acid 

52 

0 to 0.06 

2* 

0 to 0.02 

4 2 

0 

22 

0 to 0.01 

p-Aminohippuric acid 

11^ 

0 

6 « 

Oto 0.18 

96 

Oto 0.10 

8 ' 

0 to 0.4 

p-Aminohippuric acid 

52 

0 



52 

0 

22 

0 

p-Acetylaminohippuric 









acid 

28 

0.08 to 0.11 



3 8 

0 

1 * 

0 

p-Acetylaminobippuric 









acid 





2 2 

0 

1 ^ 

0 

p-Aminomandelic acid 

42 

0 to 0.08 



4 ' 

0 to 0.05 

P 

0.17 

p-Aminophenylsuccinic 









acid 

12 

0.02 

1 * 

0.02 

1 




p-Aminophenaceturic 





1 




acid 

32 

0 to 0.01 







Diodrast 

9 = 

0 

P 

0.24 



32 

0.24 to 0.35 

p-Aminobenzoic acid 

22 

0 








* Precipitated with tungstate 1-5. 

Precipitated with cadmium sulfate 1-15, 

’ Diluted 1-2.5 with distilled water; precipitated with cadmium sulfate 1-5. 

Precipitated with cadmium sulfate 1-5, ^ 

® Precipitated with trichloroacetic acid 1-10. . 

« Diluted 1-2.5 with distilled water; precipitated with trichloroacetic acid 1-10, 

? Diluted 1-2.5 with distilled water; precipitated with tungstate 1-5. 

® Precipitated with trichloroacetic acid 1-5. 

® Analyzed by fusion method. 

Direct rather than additive determination. ^ rv j u u.. • j i 

11 This figure applies to man only and confirms Alpert (20). Un dogs we have obtained so nearly 100 per cent re- 
covery that no correction has been made for clearance comparison. 

12 White (4) gives 0.32. 


conjugated material is similarly low and negligible 
in the dog. The blank excretion of p-phenols 
tends to be somewhat larger, but nevertheless can 
usually be neglected in both species. 

Recoveries were determined in plasma by sub- 
stituting 2 ml. of standard solutions of the com- 
pound under investigation for 2 ml. of water in 
the process of precipitating 2 ml. of plasma. A 
similar method was used with cells, the concen- 
trated cells being hemolyzed before addition of 
the standard solution. The appropriate blank 
value determined on the sample of plasma or cells 
was deducted in calculating the recovery. 

As might be expected, recovery from hemolyzed 
cells is less than 100 per cent, but it is neverthe- 
less fairly uniform, for any one compound. No 
consistent difference has been found in tie e 
haviour of dog and human plasma and red cells 


and the respective figures have been averaged in 
Table II. 

In calculating plasma clearances, recovery has 
been taken at 100 per cent for all compounds ex- 
cept p-hydroxyhippuric acid and diodrast, where 
the figures 89 and 94 per cent, respectively, were 
used in man (for dog, see Note 11, Table II). 
The recovery figures shown in Table II were used 
in calculating the hi vivo distribution between 
red cells and plasma shown in Table III. 

From experience, we have found tliat it is im- 
portant, especially when working with relatively 
unfamiliar compounds, to include a “blank” and 
a “recovery determination” in each set of experi- 
mental analyses. 

In vivo distribution between red cells and 
plasma (Table III). It is known that although 
diodrast penetrates the red cell to a negligible 
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TABLE II 


Precipitation recoveries from dog and human plasma and cells 


Compound 


o-Hydroxyhippurjc acid 
o-Hydroxyhippuric acid 
m-Hydroxyhippuric acid 
p-Hydroxyjiippuric acid 
m-Aminohippuric acid 
p-Aminohippuric acid 
p-Aminohippuric acid , 
p-Acetylaminohippuric acid 
p-Acetylaminohippuric acid 
p-Aminomandelic acid 
p-Aminophenylsuccinic acid 
p-Aminophenaceturic acid 
Diodrast 

p-Atninobenzoic acid 


Plasma 

Celia 

No. of 
determi- 
nations 

Plasma 

concentra- 

tion 

Average 

recovery 

No. of 
determi- 
nations 

Plasma 

concentra- 

tion 

Average 

recovery 


mgm. per 

100 ml. 

Per cent 


m£m. per 
iOO ml. 

per cent 

p 

4 

98 




i» 

4 

100 

1“ 

3 

99 

4* 

2 

100 




4< 

3 

89 


6 ton 

58 

72 

2 

99 


2.5 

82 

14“ 

2 

101 


1.5 to 45 

85 

5* 

2 

102 


3 

80 

5“ 

3 

99 




3“ 

2 

99 

i> 

L5 

88 

11“ 

2 

100 

6» 

2.5 

88 

22 

2 

99 

1“ 

2 

52 

2“ 

2 

100 




72.U 

2 to 50 

94 

6’ 

1 to 2.5 

70 

2“ 

1 

99 





(For footnotes see Tabie I.) 


extent in in vitro mixtures witii whole blood (2), 
considerable penetration occurs in vivo, as demon- 
strated by White (4), who has concluded that a 
significant part of tlie diodrast excreted in the 
urine in the dog is extracted from the red cell 
during the passage of the blood through the kid- 
ney. This circumstance would of course tend to 
give a diodrast clearance above the true value of 
the renal plasma flow. 

We have likewise found that although p-amino- 
iiippuric acid does not penetrate the red cell to 


a significant extent in in vitro mixtures of dog 
or human blood, there is some penetration in 
dog blood in vivo. This is true to a greater or 
less extent of all the compounds listed in Table 
III, though strangely the ultimate distribution, 
under conditions where the plasma concentration 
has been fairly constant for 20 to 90 minutes, is 
never one of equality per unit of water. Tin’s 
failure to reach an equal distribution per unit of 
water was also noted by White in the case of 
diodrast. 


TABLE in 


Compound 


o-Hydroxyhippuric acid 
p-Hydroxyhippuric acid 
m-.Aininohippuric add 
p-Aminobippuric acid 
p-Acctylaininohippuric acid 
p-Aceiyliminobippuric acid 
p-Amiiiomanddic acid 
n-Aminophcnylfuccinic acid 
Diodrast 
Hippuran 
iopax 


In vivo distribution between red cells and plasma 


Dog 

Man 




Cell 




Cet! 

Method 

determi* 

concen- 

rtuma 




VUfm 


nations 

tmtlon 

distri- 

bution 


nations 

trati'tjn 

d.'tri' 



rttn, pfT 

per 100 




prr iM 



lOOrJ. 













'Pilrr 





Direct * 

2 

1,5 

0.3 

Direct • 

17 

3 to 10 

0.3 


Additive* 

s 

2.5 to 5.2 

O.JO 

.Additive * 

6 

0.9 to 2.7 

0.41 


Additive * 

16 

2.5 

0 

DIrcxrt*-* 

13 

1.5 to 15 

0.5 


Additive* ‘ 

16 

1.5 

0 






Additive* 

t 


0 






Additive • 

S 

1.5 

0 

•Additive ’ 

5 

1.3 to IS 

0.16 


Additive ' 

s 

1. 5 

0 !6 

Additive* 

1 

3.5 

0.19 





Direct ’ 

s 

1 to 2 

0.73 

.Additive * 

JO 

1.5 

fj.J' ** 

Direct* 

12 

I to 32 

0,65 

Dirt'ct • 

6 

1.5 to 3.5 

(J.V) 

Direct • 

6 

1 to 4 

0.66 



. 



(For foatr.olc* Tab*'.- 1.) 
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The tendency of all compounds to penetrate 
the red cell is much less in man than in the dog, 
and indeed no definite penetration was ever dem- 
onstrable in man in the case of m-aminohippuric 
acid, p-aininohippuric acid, or p-acetylaminohip- 
puric acid. The data on p-aminohippuric acid in 
Table V include 2 prolonged experiments (11 
and 12 periods, respectively) with pyrogenic renal 
hyperemia (5), a fairly constant concentration 
of the acid being present in the blood for 3 to 4 
hours. Despite this prolonged exposure, no de- 
tectable quantity of p-aminohippuric acid was 
present in the cells. These experiments demon- 
state that the increase in diodrast and p-amino- 
hippuric acid clearances during pyrogenic hyper- 
emia is referable solely to renal hyperemia and 
not in any measure to increased extraction of 
the compound from the red cell. Indeed, the 
general identity of these clearances indicates that 
no significant quantity of diodrast moves out of 
the red cell during the renal passage of the blood. 

Comparison of clearances in the dog. The per- 
tinent data on the renal clearances of the sub- 
stances studied here are given in Table IV, 

Essentially identical clearances are shown by 
m-hydroxyhippuric acid, p-hydroxyhippuric acid, 
m-aminohippuric acid, p-aminohippuric acid, p- 
acetylaminohippuric acid, 2-pridone-l -acetic acid, 
cinnamoylglycine, hippuran, and diodrast. 

This conclusion would be reached whether one 
considered the ratios of successive clearances 


(Column 7), the ratio of the successive filtration 
fractions (Column 8), or the ratio of the simul- 
taneous clearances (Column 9), except in the case 
of cinnamoylglycine the clearance of which ap- 
pears to be substantially depressed by the presence 
in the plasma of p-aminohippuric acid. 

It is thus clear that the presence of iodine in 
hippuran (o-iodohippuric acid) is not essential to 
the process of tubular excretion, but that the 
necessary properties are possessed by the parent 
hippuric acid molecule. Similarly, 2-pyridone-l- 
acetic acid (of which a sufficient quantity for only 
2 experiments was available) appears to be ex- 
creted as efficiently as is the iodp derivative, lopax 

( 5 -iodo- 2 -pyridone-l-acetic acid) (6). The iden- 
tity of the above clearances conforms with the 
premise (7, 2) that the limiting circumstance m 
renal excretion of diodrast (or of any one of the 
above substances) at low plasma concentrations 


is the eflcctive blood flow to the renal tubules 
(which supposedly closely approximates the total 
renal blood flow *) rather than a limitation in the 
tubular excretory mechanism. 

Clearances significantly lower in the dog than 
those of diodrast or the above hippuric acid de- 
rivatives arc shown by o-hydroxyhippuric acid, 
p-aminophenaccturic acid, iopax, and p-amino- 
benzoic acid. No interpretation suggests itself to 
account for the difference in behavior between 
o-hydroxyhippuric acid and the p- and m- deriva- 
tives or for the behavior of iopax, though pre- 
sumably it represents some limitation in the tubu- 
lar excretory mechanism. p-Aminobenzoic acid, 
when infused at a constant rate, shows a tendency 
for the clearance to rise with time, and in 1 experi- 
ment where a single injection of p-aminobenzoic 
acid was given intravenously and the clearance 
was determined in successive periods on a falling 
plasma concentration, the clearance rose substan- 
tially above that of creatinine. We interpret the 
rising clearance as reflecting the formation in the 
body of p-aminohippuric acid from p-aminoben- 
zoic acid. Similarly, p-aminophenylsuccinic acid 
shows a rising clearance starting in excess of the 
creatinine clearance, implying metabolism to an 
unidentified compound having a high clearance 
value, 

p-Aminomandelic acid has a clearance verj' 
close to that of creatinine. Whether the discrep- 
ancy between the two clearances is attributable 
to systematic error in the determination of one 
or the other substances or indicates tubular excre- 
tion of the acid cannot be said from the available 
data. Unfortunately, necessary cessation of work 
prevented further examination. 

Comparison of clearances in man (Table V) ®. 
The same methods of comparison as are described 

< White (4) reports the average diodrast renal extrac- 
tion ratio in the dog as 0.74, while Corcoran, Smith and 
Page (23) obtained 0.87. More recently Bradley and 
his coworkers (personal communication) and Stead and 
his coworkers (personal communication) have inde- 
pendently observed the renal extraction ratio of dio- 
drast in man to averge 0.87. Phillips ct al. (24) report 
the extraction ratio of p-aminohippuric acid in the 
dog to be 0.85. 

® We are indebted to Dr. William Goldring, Dr. Her- 
bert Chasis, Dr. Hilmert Ranges, and Dr. Stanley Brad- 
ley for assistance in the observations on man reported 
in Table V, and to Miss Martha Barrett and Miss Claire 
Lawler for the inulin and mannitol determinations. 
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TABLE IV 

Comparison of successive and simultaneous clearance ratios in the dog 
Each experiment consists of 2 series of 3 clearance periods each; in the first series, the clearance of substance X 
was observM alone, relative to the creatinine clearance, after which substance Y was introduced (second series). Thus 
there are available the ratio of the successive clearances of X and Y (column 7), the ratio of the successive filtration 
fractions (column 8), and the ratio of the simultaneous clearances (column 9). All clearances have been corrected to 1 
square meter body surface area. 


2 

3 

4 

5 

' 6 

7 

8 

9 




CCRt 

CcRi 

Successive 

CcRjfCy 

Simultaneous 


Cx 

Cy 

clearance 

clearance 

Date 

Cx 

Cy 

ratio 

Cx/Cy 

CCRi/Cx 

ratio 

Cx/Cy 


o-Hydroxyhippuric acid (X) and diodrast (Y) 


12- 2-40 

173 

208 

0.37 

0.26 

0.83 

0.72 

0.65 

12- 4-40 

84 

133 

0.48 

0.31 

0.63 

0.64 

0.41 

12-17^1 

110 

175 

0.52 

0.31 

0.71 

0.64 

0.56 





Average 0.72 

0.66 

0.53 


m-Hydroxyhippuric acid (X) and diodrast (Y) 


4 

11-26-41 

154 


0.26 

0.28 

0.92 

1.05 


1 

11-28-41 

150 


0.20 

0.24 

1.10 

1.22 

1.16 

3 

12- 1-41 

180 


0.29 

0.33 

1.11 

1.10 

1.14 

4- 

12-15-11 

163 

152 

0.29 

0.30 

1.10 

1.04 







Average 1.03 

1.10 



p-Hydroxyhippuric acid (X) and diodrast (Y) 


4 

10- 7-40 

196 

202 

0.25 

0.25 

0.92 

0.98 


3 

10-15-40 

246 

258 

0.30 

0.29 

0.95 

0.98 


3 

11-13-40 

235 

230 

0.29 

0.28 

1.02 

0.98 


5 

5-24-40 

150 

152 

0.37 

0.37 



0.99 






.Average 0.98 

0.98 

0.99 


p-Hydroxyhippuric acid (X) and hippuran (Y) 


2 

3 

4 

12- 9-40 

1- 7-41 
4-24-41 

H 

m 

0.29 

0.31 

0.31 

0.28 

0.31 

0.37 I 

Avei 

1.08 

0.99 

1 (1.24)= 

•age 1.03 

0.98 

1.01 

(1.18)» 

1.00 

0.92 

0.83 

1.01 

0.92 

p-Hydroxyhippuric acid (X) and p-acetylaminohippuric acid (Y) 

4 

12-11-40 

174 

139 

0.31 

0.35 

(1.25)> j 

(1.12)' 

0.96 


m-Aminohippuric acid (X) and diodrast (Y) 


3 

10-24-41 

213 

271 

0.25 

0.23 

(0.79)> 

(0.90)= 

1.01 

2 

10-27-41 

149 

143 

0.26 

0.25 

1.05 

0.94 

0.97 

3 

11- 3-41 

146 

173 

0.28 

0.28 

(0.84)= 

1.00 

1.00 

2 

12- 3-41 

143 

148 

0.29 

0.31 

0.90 

1.07 

1.07 

1 





Average 0.98 

1.00 

1.01 


p-.-\minohippuric acid (X) and diodrast (Y) 


1 

1- 9-41 

135 

146 

0J28 

0.26 

0.93 

0.93 

0.83 

2 

1-13-41 

169 

174 

0.28 

0.25 

0.97 

0.92 

0.93 

3 

1-16-41 

197 

207 

0.33 

0.32 

0.95 

0.96 

0.9 1 

4 

5-12-41 

154 

149 

0.32 

0.31 

1.03 

0.96 

O'O 

4 

6-12-41 

140 

122 

OAO 

0.33 

I.IS 

1.10 

I o; 

2 

10- 1-41 

179 

162 

0.26 

0.27 

l.Il 

1.01 

i.or 

1 





.Average 1.02 

0.9.5 

0.97 

1 
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TABLE IV — Continued 


1 

2 

3 

4 

S 

6 

7 

8 

9 

Dog 

no. 

Date 

cx 

Cy 

CcRj 

Cx 

CcRs 

Cy 

Successive 

clearance 

ratio 

Cx/Cy 

CcRj/Cy 

CCRifCx 

[ 

Simultaneous 

clearance 

ratio 

Cx/Cy 


p-Acetylaminohippuric acid (X) and diodrast (Y) 


3 

12-16^0 

193 

256 

0.29 

0.23 

(0.75)« 

(0.79)1 

0.94 

1 

12-19-40 

129 

130 

0.27 

0.29 

0.99 

1.10 


2 

1- 2^1 

168 

150 

0.24 

0.27 

1.12 

1.06 


4 

12-22-41 

163 

155 

0.25 

0.26 

0.97 

l.OI 


3 

12-23-41 

252 

256 

0.29 

0.30 

0.96 

1.01 







Average 1.01 

1.04 

■■ 


p-Aminophenaceturic acid (X) and diodrast (Y) 


1 

. 4 

22- 6-42 
2-10-42 1 


■I 

0.31 

0.32 

0.28 

0.86 

0.88 

0.78 

2 

2-12-42 



0.28 

0.22 

0.96 

0.79 

0.68 

4 

4-17-42 

139 

187 

0.39 

0.36 

0.74 

0.79 







Average 0.86 

0.82 

0.71 


lopax (X) and p-hydroxyhippuric acid (Y) 


4 

1 

4 

1-20-41 

1-22-41 

4-28-41 

124 

54 

166 

148 

116 

261 

0.41 

0.61 

0.38 

0.36 

0.33 

0.27 

Avei 

0.84 

0.47 

0.64 
rage 0.65 

0.87 

0.54 

0.70 

0.70 

0.97 

0.69 

0.81 

0.82 

2-Pyridone-l-acetic acid (X) and p-aminohippuric acid (Y) 

3 

1 

5- 7-42 
5-12-42 

H 

■1 

0.34 

0.21 

0.39 

0.25 

Avei 

0.88 

1.21 
■age 1.04 

n 

m 

Cinnamoylglycine (X) and p-aminohippuric acid (Y) 

1 

3 

3- 6-42 

4- 27^2 

I 

106 

153 

127 

139 

0.27 

0.26 

0.24 

0.28 

Avei 

0.83 

1.10 
age 0.97 

0.92 

0.90 

0.91 

0.70 

0.70 

0.70 

p-Aminophenylsuccinic acid (X) and creatinine (Y) 

2 

4 

11- 5-41 
11- 7-41 

Simultaneous values of Cx/Cy rose from 1.05 to 1.47 

Simultaneous values of Cx/Cy rose from 1.61 to 1.86 



p-Aminobenzoic acid (X) and creatinine (Y) 

1 

2 

11-10-41 

11-13-41 

25 

1 42 1 0.59 1 1 1 

Simultaneous values of Cx/Cy rose from 1.10 to 1.70 




p-Aminomandelic acid (X) and creatinine (Y) 

1 

4 

1 

10- 8-41 
10-16-41 
10-22-41 

38 

54 

37 

33 

52 

36 

Avei 

1.15 

1.04 

1.03 
rage 1.07 






1 Clearance of X increased in second^ series of test, indicating increased renal plasma flow and invalidating com- 
panson of ^^uccessu'^clearances or s^cces^JI"^ gg^ond series of test that discrepancy is clearly attributed to receding 


hj'peremia. 
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TABLE V 

Comparison of successive and simultaneous clearance ratios in man 

Each &\periment consists of 2 series of clearance periods; in the first series, the clearance of substance X was ob- 
served alone, after which substance Y was introduced (second series). Thus there are available, relative to the inulin 
(or mannitol) clearance, the ratio of the successive clearances (column 9), the ratio of the successive filtration fractions 
(column 10), and the ratio of the simultaneous clearances (column 11). All clearances have been corrected to 1.73 square 
meter surface area. 


1 

2 

3 

4 

1 ^ 


H 

s 

9 

10 

11 

Subject 

1 

Date 

1 

Number 

of 

determi- 

nations 

Cx 

1 

Cy 

H 


Succes- 

sive 

clearance 

ratio 

Cx/Cy 

ClNj/Cy 

ClNif^X 

Simulta- 

neous 

clearance 

ratio 

Cx/Cy 

Diagnosis 


o-Hydro.vyhippuric acid (X) and diodrast (Y) 


I.N. 

12-13-40 

s 1 

269 

428 

0.35 


0.63 

0.68 

0.61 

Subdeltoid bursitis 

J.K. 

4- 4-41 

6 

487 

686 

0.23 



0.69 


Pneumonia 


1 

1 



Average 0.66 

0.68 




p-Hydroxyhippuric acid (X) and diodrast (Y) 


S.W. 

11-21-40 

10 

364 

375 

0.20 

0.21 



1.01 

Hypertension 

W.O. 

3-31-41 

6 

532 

845 


0.15 

■WRH 

■(llWtM 


Alcoholism 

C.A. 

4- 9-41 

6 

waaM 

692 

0.18 

0.19 

■DuSI 

1.06 


Syphilis 

M.J. 

4-18-41 

6 

478 

472 

0.23 

0.23 

1.01 

0.99 


Hypertension 

B.D. 

4-21-41 

6 

544 

574 

0.17 

0.17 




Multiple sclerosis 

M.J. 

4-23-41 

6 

487 

432 

0.22 

0.24 

1.13 

1.11 


Hypertension 

V.B. 

1- 2-41 

8 

Pvroeenic hyperemia 




0.98 

Grippe 







Average LOS 

1.05 

1.00 



p-Hydroxyhippuric acid (X) and hippuran (Y) 


P.R. 

4-28-41 

i 

6 

554 

586 

0.18 

0.15 

0.94 



Gastric ulcer 

H.B. 

4-30-41 

6 

722 

670 

0.18 

mtntm 

1.08 



Arthritis 

A.R. 

5- 9-41 

6 

395 

391 

0.23 

w 

1.01 

0.92 


Rheumatic fever 


m-Aminohippuric acid (X) and diodrast (Y) 


K. F.* 

L. R.* 

11- 7-41 
11-10-41 

6 

6 

686 

474 

462 

M 

1 

1 0.21 


1.11 

0.99 

A.C.* 

12- 5-41 

4 

406 

481 

Bin 


Bi«9 

0.81 

0.96 

L.A.* 

11-14-41 

6 

592 

528 

0.18 

0.18 1 

1.12 

1.01 

1.02 

1 


1 




Average 0.99 

0.97 

0.99 


p-Aminohippuricacid (X) and diodrast (Y) 


H.B. 

J.L. 

J.M. 

R. C. 
J.B. 
C.B. 
P.H, 
C.B. 

S. L.* 
F.T.* 
C.BI.< 
P.L.* 
.M.A.* 

J.V.- 

H.L.* 

F.T.* 


4- 2-41 


5 

695 

649 

0.23 

0.18 

mm B 

0.77 


4-14-41 


6 


591 

0.24 

0.20 

EE B 



4-16-41 


6 

442 

534 

0.22 

0.20 




5-13-41 


6 

598 


0.14 

0.14 

0.98 

0.60 


5-14-41 


6 

588 


0.20 

0.18 

0.98 

0.89 


5-16-41 


6 

491 

511 

0.23 

0.21 

0.96 

0.91 

0.98 

10-13-41 

12 

Hyperemia 





1.01 

10-20-11 

11 

Hyperemia 





1.02 

7-16-42 


6 

574 

604 

0.18 

0.18 



0.99 

1- 6-43 


7 

188 

138 

0.23 

0.31 



1.32 

1-22-43 


7 

334 

309 

0,21 

0.22 



l.OS 

l-27-43i 


7 

424 

452 

0.20 

0.19 



0.94 

2-12-43 


2 

30 

26 

0.67 

0.70 

1.15 

1.04 

1.06 

2-15-43 


6 

678 

512 

0.19 

0.22 

1.32 

1.15 

1.10 

l-lS-43t 

7 

39 

5! 

0.2S 

0.22 



0.7S 

1-18-45 

t 

6 

178 

158 

0.19 

0,22 



1.12 


Essential hypertension 
Cholelithiasis 
Nephritis 
Bronchitis 


Arthritis 

Grippe 

Lumbar sacral sprain 
G.I. pathology 
Glomerular nephritis 
Essential hypertension 
Chronic duodenitis _ 
Essential hypertension 
Duodenal ulcer 
Glomerular nephritis 
Essential hypertension 
Esscntbl hypertension 
Chronic diffuse glomerular 
nephritis 

Chronic dilTurc glomerular 
nephritis 

Terminal chronic diffu-c 
glomerular nephritis 
Chronic diffuse glomerulir 
nephritis 
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TABLE V — Continued 


1 1 

2 

3 

4 

s 

6 

7 

8 

9 

to 

11 

Subject 

Date 

Number 

of 

determi- 

nations 

Cx 

Cy 

CiNi 

Cx 

CiN, 

Cy 

Succes- 

sive 

clearance 

ratio 

Cx/Cy 

CiNj/Cy 

CjNi/Cx 

Simulta- 

neous 

clearance 

ratio 

Cx/Cy 

Diacnosis 


p-Aminohippuric acid (X) and diodrast (Y ) — Continued 


A.P.* 

2-19-4.3 

4 

415 

437 

ISI 

0.20 

0.95 

1.00 


Essential hvpertension 

A.P.* 

2-22-43 

6 

473 

536 


0.17 

0.88 

0.91 

0.94 i 

Essential hypertension 

C.S.* 

2-24-43 

6 

11 

10 

kSSI 

0.82 

1.07 

(2.04)1 


Chronic diffuse glomerular 











nephritis 

J.O.* 

2-26-43 

6 

410 

390 

0.22 

0.24 

1.05 

1.08 

1.00 

Cardiorenal disease 

J.O.* 

3- 1-43 

6 

393 

407 

0.23 

0.20 

0.97 

0.89 

0.88 

Cardiorenal disease 

M.S.* 

3- 5-43 

6 

504 

484 

0.18 

0.21 

1.04 

1.14 

0.97 

Cardiac hypertension 

M.S.* 

3- 8-43 

6 

447 

340 

0.19 

0.24 

1.32 

1.30 

1.21 

Acute diffuse glomerular 











nephritis 

A.S.* 

5- 5-43 

9 

850 

922 

0.13 

0.12 

0.92 

0.89 

0.88 

Duodenal ulcer 

A.S.* 

5-10-43 

12 

954 

847 

0.12 

0.12 

1.13 

0.97 

0.93 

Duodenal ulcer 

A.S.* 

5-14-43 

6 

920 

962 

0.11 

0.10 

0.96 

0.95 

0.93 

Duodenal ulcer 

P.Mc.* 

5-17-431 

1 

6 

370 

391 

0.19 

0.18 



0.95 

Meningitis 

P.C.* 

5-19-43- 


10 

442 

470 

0.16 

0.15 



0.94 

Essential hypertension 

P.C.* 

5-21-431 


3 

446 

422 

0.18 

0.19 



1.06 

Essential hypertension 

B.V.* 

5-24-43- 


3 

787 

684 

0.14 

0.16 



1.14 

Lower back pain 

M.R.* 

6- 2-43' 


3 

784 

605 

0.13 

0.16 



1.30 

Rheumatoid arthritis 

M.R.* 

6- 4-431 


3 

762 

675 

0.13 

0.15 



1.13 

Rheumatoid arthritis 

W.D,* 

6- 7-431 


3 

453 

422 

0.18 

0.20 



1.07 

Sacro-iliac sprain 

A.W.* 

6- 9-43- 


3 

368 

370 

0.19 

0.19 



1.00 

Essential hypertension 







Average 1.02 

0.95 

1.03 



p-Acetylaminohippuric acid (X) and diodrast (Y) 


M.D. 

S.A.* 

E.B* 

E.B.* 

A.S,* 


BJ. 

L. Mc. 
A.C. 
I.N. 

M. N, 
A.M. 
E.F. 


4- 7-41 

6 

692 

664 

0.21 

0.21 


mi 

(0.56)> 

1- 7-42 

6 

603 

707 

0.20 

0.16 



2- 4-42 

6 

554 

516 

0,16 

0.17 

1.25 

■UH 

1.22 

2- 6-42 

6 

503 

497 

0.17 



1.01 

0.91 

2-11-42 

6 

Reflex ischemia 




0.99 





Average 1.10 

1.02 

1.04 


Lung abscess 
Deviated nasal septum 
Hypertension 
Hypertension 
Peptic ulcer 


p-Aminomandelic acid (X) and mannitol (Y) 


10-10-41 

7 

78 

89 





0.88 

11- 3^1 

8 

95 

99 





0.96 

11-17-41 

6 

54 

57 





0.94 

11-18-41 

11 

81 

83 





0.97 

2-13-42 

11 

102 

105 





0.97 

2-16-42 

15 

62 

71 





0.88 

2-20-42 

13 

69 

70 





0.99 







. 

Average 0.94 


P.I.D. 

Grippe 
Nephritis 
Subdeltoid bursitis 
Hypertension 
Essential hypertension 
Essential hypertension 


1 Aberrant result possibly attrioutaoie m me ease w.e/. aim m iiiain-ca 
case of C.S. to marked renal hyperemia, in the second senes of successive clearances. 
♦ Mannitol clearance used instead of inulin. 

t Diodrast and PAH done simultaneously, no successive clearance. 


in the 


above for the dog, were- used in comparing clear- 
ances in man. The subjects were 'convalescent 
patients on the Third (New York University) 
Medical Division of Bellevue Hospital, Appro- 
priate priming and sustaining infusions were 
given as sterile saline solutions of the sodium 
salts. These solutions were sterilized by^ ultra- 
filtration through a Jena bacteriological sintered 


glass filter, or by heating to 95° C. for a short 
period. 

p-Hydroxyhippuric acid, m-aminohippuric acid, 
p-aminohippuric acid, p-acetylaminohippuric acid, 
diodrast, and hippuran show essentially identical 
clearances by any of the three methods of com- 
parison. The identity of the p-aminohippuric 
acid and the diodrast clearances is maintained in 
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a variety of diseased states, even when the clear- 
ance is reduced by hypertensive disease or chronic 
glomerular nephritis. 

o-Hydroxyhippuric acid shows a clearance sig- 
nificantly lower than that of diodrast, but one 
which by its magnitude relative to the inulin clear- 
ance indicates substantial tubular excretion. 

The clearance of p-aminomandelic acid is dose 
to the filtration rate. Although systematic errors 
of a slight magnitude cannot be ruled out, the 
deviations between this dearance and that of 
inulin, especially in long experiments, indicate 
that the process of excretion of this compound is 
complex. 

It can be said in brief that the human and the 
dog kidney respond alike to the compounds stud- 
ied here, as is the- case with all compounds so 
far examined quantitatively except creatinine 
(3,25). 

Determination oj pK'a.® As a matter of possible 
interest in rdation to tubular excretion, the dis- 
sociation constant of the acidic group of a number 
of these compounds was determined by titration 
with NaOH and measurement of (— log an*) by 
the glass electrode (see Table VI). In the calcu- 
lation, log(aH0 is taken as equal to log(H*) + 
logYH*, where — logya*^ iu dilute solution is ap- 
proximately 0.05. Total anion (A“) is taken as 
(H*) -f (B*), where (B*) is the equivalent con- 
centration of base added. The concentration of 
undissociated acid (HA) is taken as (total 
acid) — (A-). With these substitutions, 

pK'. = pH + log^ 

The pK'ft values are given in Table VI. In the 
case of p-aminophenylsuccinic acid, the neutrali- 
zation cur\’e is nearly linear be 3 -ond (B*) /(HA) 
= 0.5, indicating that the two pK"s do not differ 
greatly in magnitude, and computation of these 
values was not attempted. 

pK'a„ was determined in tiie case of o-hydroxy- 
hippuric and m-hydroxyhippuric acids to be 8.40 
and 9.26, respectively. The effect of 0.16 M 
NaQ was examined in the case of hippuran, 

® Wc are indebted to Dr. Barbara A. Parker for the 
detcnnination of tlie pK‘s of hippuran, diodrast, and 
iop.-ix in water and in 0.16 M XaQ, and to Mr. IValtcr 
A. Bastcdo of the Research Laboratorj-, Merck and 
Company, for all other determinations of this s-alue. 


table Vl 

Dissociation constants of substituted hippuric acids, etc. 
(Determinations made at 23° to 25° C.) 


Add 

Diodrast 

Clearances equal to diodrast: 
m-Hydroxyhippuric acid 
m-Aininohippuric acid 
p-Aminohippuric acid 
p-Acetylaminohippuric acid 
2-Pyridone-l-acetic acid 
Cinnamoylglydne 
Hippuran 

Clearances less than diodrast: 
o-Hydroxyhippuric add 
lopax 

p-Aminophenaceturic acid 
p-Aminomandelic acid 
Clearance not determined: 
p-lodomandelic acid 


Initial 
total add 

M X 10’ 

pKA 

3.43 

2.71 

32.10 

3.58 

29.40 

4.18 

19.43 

3.83 

14.70 

3.70 

26.00 

2.94 

4.60 

3.57 

10.06 

3.63 

21.70 

3.56 

7.12 

2.99 

26.00 

ca. 4.66 

9.12 

4.62 

13.40 

3.17 


iopax, and diodrast, and showed a reduction in 
pK'a of —0.22, —0.04, and —0.17 units, respec- 
tively. (In the NaQ solutions, — logyn* is taken 
as 0.10.) 

There is no correlation between pK'a and the 
manner in which these substances are handled 
by the kidney. Recognizing that phenol red 
(pK' = 7.9) is also abundantly excreted by the 
renal tubules in man (8), it appears that within 
wide limits the acidic strength has little bearing 
on whether a substance will or will not be handled 
in this manner. 

Determination of filterable p-aviinohippuralc in 
plasma. Attempts were made to measure the 
ultrafilterable p-aminobippurate in dog and hu- 
man plasma by the collodion bag method previ- 
ously used in this laboratory in connection with 
studies of phenol red, diodrast, etc. (9), but we 
were unable to obtain reproducible results. 
(Shannon has adduced evidence that constituents 
of parlodion react with aryl amines, possibly by 
\vzy of nitration, with the consequence that diaty- 
sis experiments irith such compounds in parlodion 
bags give erratic results. Personal com.) Wc 
then decided to obtain the necessary data directly 
in man by following the rate of excretion on a 
falling plasma cuiwe, with the plasma concentra- 
tion always above the level required to effect 
saturation of the tubules. It will be seen from 
the following equation 

TmpAn=Hpjin^' — CisPpAub 

that if UpadV is plotted against Q^PpAit. the 
points should fall in a straight line (as^umir:g h 
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is constant), the slope of which will he equal to b, 
the percentage of PAH in the plasma which is 
ultrafilterable (here h corresponds to FW. in the 
equation of Smith, Goldring, and Chasis (2)), and 
that the intercept on the UpahV axis will be equal 
to TmpAH- Iri the above calculations, the best 
straight line was fitted by the method of least 
squares to the data obtained from 8 successive 
clearance periods, with the plasma concentration 
falling roughly in the range from 100 down to 25 
mgm. per cent. The average value thus deter- 
mined in 11 subjects was 0.83. This value' is 
close enough to unity so that changes in h, related 
to changes in Ppah in the range of 25 and 100 
mgm. per cent, can be neglected in the calculations 
of TmpAH, f-Cv the average value of 0.83 can be 
used with little error in the calculation, as in the 
case of diodrast. Unfortunately, we were unable 
to examine the effect of plasma protein concentra- 
tion on b, but for practical purposes or except in 
special studies we believe that neglect of this 
factor will result in a negligible error in Tm 


calculation. 

Conjugation of the p-aniino group. The ques- 
tion of possible conjugation on the p-amino group 
is important since at least one conjugate, p-acetyl- 
aminohippuric acid, is also excreted by the tu- 
bules; conjugation would occlude the p-amino 
position during analysis for p-aminohippuric acid 
and any unanalyzed conjugate derivative present 
in the plasma during the determination of p- 
aminohippuric acid Tm might contribute to satu- 
ration of the tubules and thus reduce the Tm 
value of the latter. Conjugation would probably 
be of no importance with respect to p-aminohip- 
puric acid clearance determination since there is 
no reason to believe that the conjugate derivative 
would interfere with the excretion of p-aminohip- 
puric at low plasma levels, while it would not 
appear in the analytical method for the latter com- 
pound as applied to either plasma or urine. 

Twenty-six samples of plasma and 27 samples 
of urine, collected during routine determination 
of p-aminohippuric acid Tm in man ana- 

lyzed by the volumetric flask method (see^ Meth- 
ods), showed no significant amount of conjugated 
derivative, the average ratio of free to total acid 
being 1.00 for both the blood and nnnesenes^ 
(The plasma concentration ranged fmm 31 to 89 
mgm. per cent, in some cases increasing, in others 


decreasing, at moderate rates during the Tm de- 
termination.) It is therefore concluded that dur- 
ing the infusion of p-aminohippuric acid in the 
concentrations used for Tm determination, the 
absolute quantity of material conjugated in the 
p-position is so small as to be negligible, relative 
to the total quantity undergoing excretion. 

However, when a single dose of 1.0 gram of 
sodium p-aminohippurate was given orally to a 
normal subject and the total urine collected for 
6 hours, 65 per cent of the administered material 
was conjugated. In 2 subjects during a p-amino- 
hippuric acid clearance determination, the extent 
of conjugation in 3 urine samples each was 9.9, 
12.6, 12.8, and 7.6, 9.1, 11.5 per cent respectively. 
It is clear that when the body is not presented 
with an overwhelming quantity, the proportion 
conjugated is significant. This observation is in 
line with the known conjugation of p-amino- 
benzoic acid (11, 12) and of sulfanilamide (11, 
13, 14) in man. 

Examination of dog urine by open tube hy- 
drolysis and corrected for blank excretion during 
a preliminary period after the intravenous admin- 
istration of 200 mgm., showed no appreciable 
conjugation. It thus appears that conjugation of 
p-aminohippuric acid follows the behavior of p- 
aminobenzoic acid (11) and of sulfanilamide (11, 
14), in that conjugation of the p-amino group 
does not occur in the dog. 

Adverse physiological reactions. Five-tenths 
of a gram per kgm. of sodium p-aminohippurate 
can be given to dogs intravenously by syringe over 
a period of 5 to 10 minutes with no adverse reac- 
tion. Repeated determinations of clearances and 
Tm values have revealed no disturbance of renal 
function in dogs examined over several months. 
Administration of large quantities to luan for Tm 
determination is described elsewhere (10). 

Use of p-aminohippuric acid for the evaluation 
of effective renal blood flow and tubular excretory 
mass. In view of the following facts, sodium p- 
aminohippurate (PAH) appears to be suitable 
for the evaluation of those aspects of renal func- 
tion which have hitherto been evaluated by the 
use of diodrast: 

(c) At low plasma levels, the clearance is iden- 
tical with that of diodrast, and hence equally valid 
as a measure of the effective renal plasma flow. 
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(b) The chemical determination is extremely 
simple, using reagents available in all clinical labo- 
ratories, the method as here described giving 
quantitative and easily reproducible values from 
suitable plasma filtrates and urine dilutions. • 

(c) The endogenous plasma and urine blanks 
are negligibly small. 

(d) It does not penetrate the human red cell 
in vivo, even on prolonged infusion, and hence 
any possible error attributable to extraction from 
the blood cell during passage through the kidneys 
is obviated. 

(e) It is non-toxic, and can be used for the 
evaluation of the tubular excretory mass by the 
saturation method. 

(f) It is less extensively bound to plasma pro- 
teins than is diodrast (FW = 0.83 as compared 
with 0.73 for the latter), and hence errors in- 
volved in the estimation of the percentage of free 
and filterable material in the plasma are of less 
practical significance. 

A comparison of the maximal rate of tubular 
excretion of p-aminohippuric acid (TmpAn) with 
the maximal rate of tubular excretion of diodrast 
(Tiud) in the normal and diseased human kidney 
will be presented in a following paper.’ 

SUMMARY 

Methods are described for the determination 
of hydroxy- and amino-substituted hippuric acid 
derivatives in urine and in protein-free filtrates 
of plasma. The chromogenic blanks, as given by 
these methods, have been determined in protein- 
free filtrates from plasma and red cells in dog and 
man, and recoveries of tbe compounds from 
plasma and red cells have been determined in both 
species. Tiie in vivo distribution between red 
cells and plasma of most of the compounds is re- 
ported for both species. It is noteworthy that 

’ p-Aminoluppuric acid Tm has been measured in 3 
doRs (F\V = 0.87 to 0.92), the ratio of this value over 
dio<lrast Tm determined within an intcn-al of several 
weeks and calculated on a molar basis being 1.00, 1.10, 
and 0.93. Less reliable data indicate that the molar ratio 
of p-hydroxybippuric acid Tm (F\V = 0.77 to 0.815) to 
diodrast Tm in 3 dogs was 1.18, 0.59, and 0.84. From 
comparative data on man (10), it is clear that a fixed 
molar value of Tm for different compounds is not to be 
.anticipated in different species, although the molar ratio 
in one sj-vccics appears to l>c fairly constant. 


the human red cell is much less permeable in vivo 
to all the compounds studied than is the dog red 
cell, and that in no case, even after prolonged infu- 
sion, does the cell/plasma distribution ratio (per 
unit of water) approach unity. 

The plasma renal clearances have been com- 
pared in the dog by (q) the ratio of the successive 
clearances in two closely following sets of clear- 
ance determinations, each comprised of three 
clearance periods; (&) the ratio of successive fil- 
tration fractions relative to creatinine, inulin, or 
mannitol, in these two sets of successive clearance 
periods; and (c) the ratio of the simultaneous 
clearances. 

The clearances of (J) m-hydroxyhippuric acid, 
(2) p-hydrox}'hippuric acid, (3) m-aminohippuric 
acid, (4) p-aminohippuric acid, (5) p-acetjd- 
aminohippuric acid, (d) 2-pyridone-l-acetic acid, 
(7) cinnamoylglycine, (5) diodrast (3-5 di-iodo- 
4-pyridone-l-acetic acid), and (P) hippuran (o- 
iodohippuric acid) are essentially identical in the 
dog. Only compounds 2, 3, 4, 5, and 9 have 
been examined in man, and here too the clearances 
are identical. This fact conforms with the prem- 
ise that the limiting circumstance in the tubular 
excretion of diodrast (or of any one of these sub- 
stances) is the available blood flow to the renal 
tubules (approximating the total renal blood 
flow), rather than a limitation in the tubular ex- 
cretoiy' mechanism. 

The fact that the clearances of p-aminohippuric 
acid, which does not penetrate the red cell in vivo 
in man, and of diodrast which does penetrate, are 
identical under all conditions, including renal 
hj-peremia, indicates that no significant quantity 
of diodrast moves out of the red cell during the 
renal passage of the blood. 

The clearances of o-hydroxyhippuric acid, p- 
aminophenylaceturic acid, iopax, and cinnamoyl- 
gl)’cine in the dog, although greater than the 
creatinine clearance, arc significantly less than tiic 
clearances of diodrast and substituted hijipuric 
acids. The o-hydrox}-hippuric acid clearance is 
similar!)’ lower than the diodrast clearance in man. 
This deficiency in clearance is prcsum.ably related 
to limitations in the tubular e.\cretory mechanism. 

The p-aminobenzoic acid clearance in th.e ckig 
is initially less than that of creatinine, indicating 
tubular rcab.sorption (pl.asina binding b.ns no*. l.>een 
studied) but on prolonged infusion, the clearance 
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contained in tlic second matched colorimeter tube, and 
this 100 setting (or tlie corresponding air reading if the 
blank is stable) checked frequently during a series of 
determinations. The zero setting of the galvanometer 
should be checked daily. 

In no case should a plasma blank be used for the 100 
setting of the galvanometer. If a plasma blank is pres- 
ent, it should be determined additively, as described in 
the text, and applied to the recovery determination as 
well as to the unknowns. Otherwise large errors may 
be introduced by a deficient recovery in plasma precipita- 
tion obscured by a compensating plasma blank. 

0 - and m-Hydroxyhippuric acids. The following 
method is a modification of that of Gibbs (16) : 

(a) Veronal buffer: a 2 per cent sodium veronal solu- 
tion adjusted to pH 9.1 with HCl and NaOH. 

(b) 2,6-Dichloroquinoncchloroimide solution, 25 mgm. 
per cent in absolute alcohol. This solution should be 
freshly prepared and centrifuged if not clear. It will 
keep for only a few hours. 

To 10 ml. of plasma filtrate or diluted urine, add 2 
ml. of (a) and 2 ml. of (b), shaking the mixture after 
the addition of each reagent. Solution (b) should be 
added immediately after (a), since hydroxy acids de- 
teriorate rapidly in alkaline solution. A blank of 10 
ml. of water is treated in the same manner and used for 
the 100 setting of the colorimeter. Maximal absorption 
of the indophenol is at 600 mu. but a 635 mu. Rubicon 
filter is satisfactory. A series of standards prepared 
from 10 ml. samples of 0.05 to 0.30 mgm. per cent solu- 
tions of o-hydroxyhippuric acid, or 0.1 to 0.6 mgm. per 
cent solutions of m-hydroxyhippuric acid should be pre- 
pared each time, using the same alcoholic chloroimide 
solution as is used in the unknowns. Maximal color 
development is attained in 30 minutes with o-hydroxy- 
hippuric acid and in 60 minutes with m-hydroxyhippuric 
acid. 

When increasing amounts of m-hydroxyhippuric acid 
are added to aliquots of the same plasma filtrate, and 
the resulting apparent concentrations are plotted against 
the concentrations in equivalent aqueous dilutions, the 
slope of the curve is 0.82, indicating that there is present 
in the filtrate something that uniformly inhibits color 
development. This inhibition has been taken in account 
in the calculation of both plasma recoveries and clear- 
ances of this compound. In addition, there is a small, 


positive intercept, indicating a true blank. 

p-Hydroxyhippuric acid. This method is based on 
that of Arnow (17), and gives somewhat greater color 
than does Arnow’s procedure. 

(a) 20 per cent HgSOi in 5N HsSO* 

(&) 0.2 per cent NaN 02 solution 
To 5 ml. of plasma filtrate or diluted urine in a 25 by 
200 ram. heavy-walled Pyrex tube, add 7 ml. of a fresh 
mixture containing 3 parts of (a) and 4 parts of (&). 
Close the tube with a glass tear and immerse in boiling 
water for 4% minutes. Cool in water at room tempera- 
ture shake and read on the colorimeter with a 490 mu. 
filter, using a blank prepared from 5 ml of water and 
7 ml. of reagent and treated as above for the 100 setting. 


The color is stable for at least 1 lunir. Although the 
standard curve is fairly reproducible, it is desirable be- 
cause of the short heating period to include .standards 
(5 ml. each of solutions containing 0.4 to 4.0 mgm. per 
cent) with each lot of unknowns. 

m- and p-Aminohippuric acids, p-aminnphcnnrrhtric 
acid, p-antinophcnylsuccinnic acid, p-aminobcnaoic acid, 
and p-aminotnandclic acid. All these compounds couple 
satisfactorily in Bratton and Mar.shaH’s (18) method for 
sulfanilamide. The slight modifications presented here 
have, however, proved to be practically advantageous. 

(a) 1.2 N HCl 

(b) 100 mgm. per cent NaNOs 

(c) 500 mgm. per cent ammonium sulf.amatc 

(d) 100 mgm. per cent N-(l-naphyl)ethylcncdiaminc 
dihydrochloride 

To 10 ml. of plasma filtrate or diluted urine add 2 ml. 
of (o) and 1 ml. of (i»), and mi.x the solution; not be- 
fore 3 minutes and not after 5 minutes, add 1 ml. of (c) 
and mix; between 3 and 5 minutes later, add 1 ml. of 
(d) and mix. A blank made of 10 ml. of water treated 
in the same manner is used to set the colorimeter at 100. 
Solutions arc read at any time after 10 minutes, using 
a 540 mu. filter. 

With p-aminohippuric acid, color development is maxi- 
mal in 5 minutes, and the color is quite stable. 

A standard curve is set up with 10 ml. samples of 
solution ranging in concentration from 0.02 to 0.25 mgm. 
per cent of free p-aminohippuric acid, the acid being 
dried if necessary at 90° C. overnight before preparation 
of the stock solution. The sodium salt is too hygroscopic 
to use as a standard. The standard curve is quite repro- 
ducible and needs to be rechccked only on rare occasions. 
A separate curve, however, should be prepared for each 
colorimeter. 

The NaN02 must be prepared fresh every 3 days, the 
ammonium sulfarnatc every 2 weeks; the coupling re- 
agent id) lasts indefinitely if kept in a dark bottle and 
in the refrigerator. p-Aminohippuric acid is stable in 
plasma filtrates and urines if kept in the ice box. 

(Bratton and Marshall (18) recommend a trichloro- 
acetic acid filtrate for sulfanilamide, but we have found 
this filtrate to be quite unreliable for p-aminohippuric 
acid. Although perfect recoveries may be obtained, the 
coupling reaction frequently and inexplicably fails to go 
forward quantitatively or reproducibly. No such diffi- 
culty has ever been encountered with the cadmium sul- 
fate filtrate, which gives excellent checks in duplicate 
determinations on independent precipitations.) 

The chromogenic power of various compounds when 
corrected for molecular weight (but not specially dried) 
and the time required for maximal color development 
are as follows : p-aminohippuric, 100 per cent < 10 min- 
utes; m-aminohippuric, 96 per cent, 30 minutes; p- 
aminobenzoic, 97 per cent, 20 minutes; p-aminomandelic 
90 per cent, 60 minutes; p-aminophenyl succinic, 75 per 
cent, 90 minutes; p-aminophenaceturic, 83 per cent, 5 
hours. In all cases, the color is quite stable. 

p-Acetaniinohippuric acid. Hydrolysis to p-amino- 
hippuric acid is carried out by the addition of 2 ml. of 
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•1.2 N HCl to 10 ml. of filtrate or diluted urine, contained 
in graduated narrow test tubes or Folin sugar tubes. 
After thorough mixing, the tubes ai^ closed with glass 
tears and heated in a boiling water bath for 1 hour. 
The tubes are then cooled and the volume made up to 
12.5 ml. and the p-aminohippuric acid content deter- 
mined as above. If read against the standard p-amino- 
hippuric acid curv'e, prepared as above, correction must 
be made for the increased total volume after the addition 
of coupling reagents, i.e., the result must be multiplied 
by 12.5 -h 5/10 -1- 5 or 1.17. 

Recoveries by this method are imperfect, some of the 
chromogen being destroyed, perhaps by oxidation. 
(Similar imperfect recovery after hydrolysis of p-acetyl- 
aminobenzoic acid is reported by Doisy and Westerfeld 
(19).) It is therefore preferable to prepare a standard 
curve by treating knowns in the manner of unknowns. 
Since the extent of loss appears to be fairly uniform in 
filtrates and urines, no large error is introduced in clear- 
ance determination. 

Conjugated p-aminohippuric acid. Since absolute re- 
coveries were essential in answering the question of pos- 
sible conjugation in the body, the following method, 
which appears to be wholly satisfactory, was developed 
later in the investigation : 2 ml. of 10 N HCl are added 
to suitable aliquots of plasma filtrate or diluted urine in 
50 ml. volumetric flasks, made up to volume and mi.xed. 
The solution in the neck is covered with about 1 ml. of 
toluene. The flasks are placed in an oven at appro.xi- 
matcly 96° C. for 314 hours. After cooling, 10 ml. of 
this solution arc taken for analysis by the p-amino- 
hippuric acid method. p-Aminohippuric acid when 
treated in this manner gives 100 per cent recovery', as 
compared with analysis of an unheated solution. For 
this reason, we believe that recovery of conjugated mate- 
rial is essentially' complete. (A presumptively pure sam- 
ple of p-acetylaminosulfanilamide gave 95 per cent re- 
covery by this method.) 

DiodrasI was determined by Alpert's method (20). In 
man, recovery in the 1 ; 15 cadmium sulfate filtrate aver- 
aged 94 per cent (cf. Alpert's paper) but in dog re- 
covery averaged so close to 100 per cent that no correc- 
tion has been made. Hippuran and iopa.v were deter- 
mined by the fusion method (2). Inulin was used in 
quantities sufficient to give plasma concentrations of 80 
to 150 mgm. per cent and determined by the macro- 
method (2) on a ZnSOi-NaOH filtrate (21). Mannitol 
was determined by the method of Smith, Finkelstein, 
and Smith (21). 

2-Pyridonc-l-acclic acid and cinnainoylglycinc were de- 
termined in cadmium sulfate filtrates by a Hilger mcriium 
l\vo-l>cam ultraviolet spectrograph with Spekker attach- 
ment, using standard procedures. We are indebted to 
Dr. Rmlolph Naumann for these determinations. 
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Recent experimental and clinical studies have 
demonstrated that especially prepared ossein 
gelatin, administered intravenously, is a safe and 
effective plasma substitute for use in the treatment 
of shock and is useful in certain hypoproteinemic 
states in man (1 to 3). Other investigators have 
suggested that gelatin shows some promise as a 
source of nutritional protein for intravenous ad- 
ministration (4, 5). It has seemed important 
to us that these studies should be extended to in- 
clude observations on the dynamics of the circu- 
lation as affected by the intravenous infusion of 
the gelatin colloid in man. 

There are available a number of reports on the 
circulatory effects of the intravenous infusion of 
saline or glucose solutions (6 to 11) and of col- 
loidal solutions such as whole blood, plasma, or 
acacia (12 to 15). We have observed the changes 
in pulse rate, blood pressure, blood volume, venous 
pressure, cardiac output, hematocrit, and plasma 
protein produced by the intravenous infusion of 
gelatin in normal subjects, chronically ill patients, 
and volunteers subjected to experimental hemor- 
rhage. The effect of hemorrhage per sc proved 
to be of particular interest and has been the sub- 
ject of a separate paper prepared in collaboration 
'with others who were concurrently engaged in the 
study of this problem (16, 17). 

Of the work reported here, the clinical studies 
carried out on normal persons, on patients, and 
on tlic volunteers after hemorrhage, recorded in 
Tables II, III, and IV, were made by Doctors 
Fletcher and Hardy. Unfortunately, these au- 
thors were inducted into the armed forces before 
the study was quite completed. The chemical 
analyses were all performed by Dr. Riegel. The 
estimations of blood volume were all made by Dr. 


Koop. The special study on venous pressure 
after gelatin infusion was carried out by Dr. Koop 
with the kind assistance of Dr. R. L., Mayock. 
We are indebted to Dr. Isaac Starr for assistance 
in the final preparation of the manuscript. 

MATERIAL AND METHODS 

The gelatin used in this study was spedally prepared 
for intravenous use by the hydrolysis of alkali-treated 
long bone collagen under carefully standardized condi- 
tions.’- The material was made up in a 6 per cent solu- 
tion in 0.9 per cent saline and autoclaved in 500 ml. con- 
tainers at 15 pounds pressure for 20 minutes. 

It should be pointed out that several different prepara- 
tions of gelatin are now under investigation. Since they 
vary in respect to size of gelatin molecules and colloid 
osmotic pressure, and, therefore, in their physiological 
effects, the data presented herewith are to be considered 
only in relation to the specific preparation described. The 
gelatin solution used in these studies has been designated 
P-20. 

The normal subjects studied were healthy male volun- 
teers between the ages of 18 and 50 years. A group of 
5 chronically ill patients, ranging in age from 14 to 65, 
were also selected for a study from the wards of the Uni- 
versity Hospital. 

In the hemorrhage experiments, venous blood was 
drawn under mild suction through a large bore needle 
into a graduated collecting bottle. 

Estimates of tlic cardiac output were made by the use 
of the ballistocardiograph, the results being calculated 
according to the area method (18). The results arc re- 
ported as percentage deviation from an empirical average 
normal %-aluc, the normal limits being 22 per cent. 
These studies were carried out in the laboratorj- of the 
Hartzell Rcsearcli Department of Therapeutics through 
the courtesy of Dr. Isaac Starr. 

Specimens of venous blood were drawn with a mini- 
mum of stasis at suitable inten-als for the determination 


' Prepared and supplied In- D.-. D. Tc’urtelktte, Guiles 
B. Kno.v Gelatin Company, Johnstov.-n. L'. Y. 
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of the hematocrit and the concentration of plasma protein 
and gelatin. Hematocrit determinations were made in 
duplicate on oxalated blood in Van Allen tubes centri- 
fuged at 2500 r.p.m. for 30 minutes. Analyses for plasma 
protein and gelatin were carried out by differential pre- 
cipitation and nitrogen determination by a Kjcldabl semi- 
micro technic. 

Estimates of the blood volume were made from the di- 
lution of the dye T1824 by a technic modified from that 
of Gibson land Evans (19). 

Venous pressure was determined by an adaptation of 
the direct method of Moritz and Tabora (20) using a 
manometer filled with citrate solution and connected by 
a 3-way stop-cock to the infusion apparatus. Subjects 
lay supine, and the zero point selected was one-half of 
the depth of the chest, measured from the angle of Louis 
to the surface of the bed. No reading was accepted un- 
less the respiratory variations could be clearly seen. 

For some time, a single needle inserted in a vein was 
used both to measure venous pressure and to introduce 
the gelatin, and this is the technic usually adopted. Our 
experiments had been nearly completed before the hazard 
of this procedure was realized. 

In every estimate of venous pressure by the technic of 
filling a burette and allowing the fluid to run into the 
vein as far as it will, the final reading should be cor- 
rected for capillarity and resistance in the tubing and 
needle. Thus, when the needle of our venous pressure 
apparatus is immersed in a beaker of water and the stop- 
cock opened, the column in the burette always comes to 
rest above the water level in the beaker. The amount 
of this difference, usually about 1 cm., was subtracted 
from the burette readings to estimate venous pressure. 
Eventually we realized that the viscous gelatin by stick- 
ing in the needle might reduce its lumen and so increase 
the magnitude of this correction for resistance. This 
might, perhaps, account for the apparent increase in 
venous pressure found after gelatin infusions by ourselves 
and others. Therefore, experiments were designed to 
test the matter. 

TABLE I 


Estimation of venous pressure in arm veins before and after 
gelatin infusion, using the needle through which gelatin had 
been injected and also a clean needle of similar size 



Before gelatin infusion 

After gelatin infusion 






Venous pressure 

Pa- 

tient 

Biood 

vol- 

ume 

Venous 

pressure 

Blood 

vol- 

ume 

“Gelatin” 

needle 

“Clean” 

needle 


Right 

arm 

Left 

arm 


Right 

arm 

Left 

arm 

Right 

arm 

Left 

arm 

E. M. 
L. A. 
T. 0. 

ml. 

2638 

2638 

cm. 

ffiO 

10.3 

6.5 

3.2 

cm. 

HiO 

7.6 

3.7 
6.4 

ml. 

3040 

3590 

cm. 

JTjO 

9.3 

8.1 

4.8 

cm. 

HsO 

8.1 

6.6 

7.9 

cm. 

HsO 

9.6 
6.9 

4.6 

cm. 

HsO 

9.0 

7.0 
7.9 


It was easy to demonstrate that such an error might 
oceur. The apparatus used for venous pressure was em- 
ploj’ed, the 20 gauge needle being immersed in a beaker 
of water at room temperature (24° C.). A series of 
readings showed that the burette column came to rest 0.9, 
0.9, 0.8, 0.8, and 0.9 cm. above the fluid level in the beaker. 
Then, mimicking the technic of intravenous injection, 
250 ml. of gelatin was passed through the needle. After 
this the column in the burette came to rest 3.5, 32, 2.9, 
3.2, 3.0, and 3.0 cm. above the water level in tlie beaker. 
Cleaning the needle restored the original resistance. The 
failure to correct for such a change in resistance would 
account for the increased value for venous pressure after 
gelatin, recorded in several, but by no means all, of our 
experiments. 

However, the difference in resistance caused by gelatin 
in the example cited was the largest we encountered in 
many similar experiments with 20 or 19 gauge needles, 
the size we employed for venipuncture. Furthermore, if 
the needles were kept at body temperature by immersion 
in water at 37° C., perfusing gelatin through them had 
no noteworthy effect on the resistance of the system. 
Also, the results obtained at room temperature were 
most irregular and increases in resistance after gelatin 
varied from 0 to 2.2 cm. Obviously, the result depends 
on the many factors affecting the viscosity which varies 
with the type of gelatin used, the temperature, the de- 
gree of dilution with saline used to fill the tubing, and 
especially with the cleanliness of tlie needle. 

To study the matter further, venous pressures were 
measured in both arms of 3 patients, before and after 
infusions of gelatin. After the infusion, the estimate was 
made by using the needle through which the gelatin had 
been administered and also a second clean needle of simi- 
lar gauge. The results, Table I, emphasize the variabil- 
ity of pressures measured in different peripheral veins. 
However, the averages showed that errors which could 
be attributed to clogging the needle with gelatin were 
negligible, so we accepted our results made with the orig- 
inal technic. 

RESULTS 

A. Intravenous infusions of gelatin in normal 

male subjects 

The effects of S intravenous infusions of large 
amounts of gelatin were observed in 3 healthy 
male subjects. The data are presented in Table 
II, and Figure 1 shows the averages of the results 
obtained. 

The 2 subjects who received gelatin twice ex- 
perienced on each occasion a slight feeling of 
tightness in the chest during the infusion and also 
a throbbing headache which was most marked 3 
or 4 hours after the infusion had been completed. 
This gradually disappeared during the subsequent 
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Fig. I. Average Results Obtained in 5 Normal Subjects Before and for 24 
Hours After a Large Infusion of Gelatin I.NTRAi-ENousLy 


24 hours. There were no other untoward symp- 
toms of any kind. 

The results indicate that the pulse rate and 
blood pressure of liealthy persons were little 
changed by a gelatin infusion. The average ve- 
nous pressure was slightly increased by the infu- 
sion. The average cardiac output intis not in- 
creased significantly imnicdiatcli' after the infusion 
hut it became so 3 hours later, being well above 
normal limits at that time. This increase was 
not found 24 hours later. The fact that the last 
cardiac output was below the initial estimate is not 
to be attributed to the gelatin, for apprehension 


increases the cardiac output before most c.xperi- 
mental procedures, and this passes off as the con- 
clusion approaches. 

Hematocrit and plasma protein concentration 
diminislied markedly after the infusion. Indeed, 
the plasma proteins never, and the hematocrit 
only once, regained their initial values in 24 hour.s. 

B. Inirai’cmns infusion of gelatin in chronically 
ill patients 

Somewhat less complete studies of th.c ciraila- 
tion were made during 6 infusions in 5 clironicaliy 
ill patients of the ti-pc to v.-j:om gelatin migh.t l/c 
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TABLE IV 

lutravcnous infusion of gelatin after acute hemorrhage 


Sub- 

ject 

Physical data 

Volume bled 

Vol- 

ume 

6 per 
cent 
gelatin 
mjcclcd 

Time of 
observations 

i 

i 

Pulse 

rate 

i 

Blood 

pressure 

Periph- 

eral 

Venous 

pressure 

i 

Cardiac 

output. 

deviation 

from 

average 

normal 

Plasma 

protein 

Plasma 

gelatin 

Hema- 

tocrit 

Wciglit 

Heiglit 

Sur- 

face 

area 

Amount 

Percent- 
age of 
blood 
volume 
esti- 
mated 
from wt. 











1 

1 


grams 

grams 

percer.l- 


km- 

cm» 

sg. in. 

ml. 

ptr cell! 

ml. 



mm. //g 

mm. 11:0] 

pfr ctn! 

per 

per 

are of 


1 











100 ml. 

too ml. 

cells 

T. K. 

84 

175 


1200 

20 

840 

Initial 

74 

X fS 

112 

- 4 

6.20 


42.0 








After licmorrliage 

92 

Tt 

120 

- 9 

5.92 


39.5 








After gelatin 

78 

BiZlila 

140 

- 9 

430 

1.23 

28.5 

J. R. 

82 

185 

2.06 

1065 

17 

710 

Initial 

66 

128/68 

146 

+13 

636 


42.0 




1 




After hemorrhage 

69 

130/70 

146 

- 2 i 

5.53 


39.0 








After gelatin 

72 

130/70 

ISO 

+26 1 

4.90 

1.00 

33.5 

C. M. 

61 

170 

1.72 

900 

18 

600 

Initial 

71 

120/78 

164 

+ 4 

6.98 


36.0 







1 

After hemorrhage 

53 

58/40 

124 

-11 











After gelatin 

62 

110/60 

16-1 

+13 

5.13 

0.87 


B. B. 

68 

173 

1.81 

1020 

19 

680 

Initial 

77 

114/60 

mmn 

+65 











After hemorrhage 

77 



+30 









1 


After gelatin 

69 

108/58 


+43 




E. T.* 

75 

170 

1.86 

1050 

19 

750 

Initial 

89 

130/80 

Imiiiii 

+22 



48.5 








After hemorrhage 

45 



-39 



45.5 








After gelatin 

76 

120/70 


- 2 



37.0 

H. G. 

69 

173 

1.81 

1000 

19 

710 

Initial 

71 

118/70 


+17 



43.0 








After hemorrhage 

58 

68/34 


0 



39.0 








After gelatin 

66 

108/60 


+13 



33.0 

R. C. 

89 

173 

2.03 

1020 

17 

680 


mm 

120/60 

140 

-17 



39.5 










120/80 

120 

-13 



37.0 









H 

120/60 

mm 

+13 



29.5 

L. J. 

73 

180 

1.92 

1090 

19 

730 

Initial 

112 

150/80 


+48 



40.0 







After hemorrhage 

111 

130/80 


+48 



38.0 








After gelatin 

94 

134/66 

mm 

+35 



30.5 

w. c.t 

76 

178 

1.91 

920 

16 

760 

Initial 

74 

130/80 


+17 



41.0 







After hemorrhage 

47 

70/40 


-17 



39.5 








After gelatin 

78 

130/70 


+13 



30.0 


* Standing B.P. 108/80. t Standing B.P. 114/78. 


hemodilution due to the saline infusion, showed 
no further hemodilution and, in fact, some hemo- 
concentration during the next 12 hours. Subject 
T. N., receiving gelatin replacement, showed the 
greatest reduction of hematocrit and plasma 
protein. The latter value found in the estimation 
made 6 hours after the start, is so low that we 
suspect an error although we were unable to find 

it- 

After the hemorrhage, as long as the 3 subjects 
lay recumbent they were free of symptoms and 
differences in their pulse rate, blood pressure, and 
cardiac output were not conspicuous; but, as 
soon as the subjects arose, the differences were 
very conspicuous. The subject who had received 
gelatin was able to stand and walk without symp- 
toms on his first attempt, 3 hours after hemor- 
rhage, and had no trouble thereafter. In contrast, 
dizziness and a marked fall in blood pressure on 


arising persisted in the other 2 subjects for at 
least 12 hours, although in A. F., these symptoms 
were improved temporarily after the saline in- 
fusion. 

After the rest of the experiments had been com- 
pleted, to assist in the interpretation of the changes 
in hematocrit and plasma protein values found 
after gelatin, one of the authors (Koop) made 
estimates of blood volume before and after gelatin 
injection. Patient P. O. was chosen because he 
was judged to be well hydrated, having received 
a total of over 3000 ml. of fluid daily for 4 days, 
part by intravenous administration and the re- 
mainder through a gastrostomy. Patient J. O. 
was chosen because he was obviously dehydrated, 
as the only fluid he had received in the last 36 
hours was 500 ml. of tap water by rectum. Dur- 
ing this period, he had sweated profusely at opera- 
tion, and at the time of the test he was extremely 
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Time 



1 1050 cc. blood removed.. 



8,0 feclatln t.v. started) 



825 (250 cc. gel atin in 



Fic. 2. Balustocardiograms Before and After a Large Hemorrhage 

The reproduction is actual size. Subject E. T.. age 38, 5 feet 7 inches, 105 iwunds. 

At 7.50, the B. P. 130/80, the pulse rate 89, the cardiac output + 22 per cent aI>ove average 
normal (normal limits — 22 per cent). 

.After the hemorrhage, at 8.01. the subject was sweating, pale, restless, and manifested grially 
increased respiration. He complained that his vision was dim. Bhxxl pressure could not l>e 
obtained. The pulse rate was d5. The ballistocardiogram is distorted by tb.c subject's restU*-' 
movements and by impacts from respiratory movements. Selecting the undistorted comple.xes 
the cardiac output was calculated to be — 40 per cent. 

-At 8.15, after gelatin had l)een started, the sjTnptoms were much imiirovi-d, it. P. Sl'.vt. pube 
52, cardiac output — .50 ikt cent. 

.At S.-sO, after completion of the infusion, the subjt.ct had no ssTuptom., the It. 5’. HI) 72. the 
pulse rate 77. the cardiac output did not deviate from average tv'rmuil. 
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thirsty. The other patients, convalescent and 
taking fluids ad lib, were judged to be normally 
hydrated. The results are recorded in Table V. 
They show that in the 4 patients who were well 
supplied with fluid the estimated increment of 
blood volume 3 hours after the end of the injec- 
tion was larger, or but little less, than the amount 
injected. In the dehydrated patient, this incre- 
ment 3 hours later was less than half the volume 
injected. 

DISCUSSION 

After the administration of gelatin solution 
intravenously, the plasma protein concentration 
and hematocrit diminish more than can be ac- 
counted for by the volume of fluid injected. This 
dilution slowly increases, reaching a maximum 
several hours after the injection. While some 
investigators (7) have believed that changes in 
plasma volume could be estimated from the hema- 
tocrit with reasonable accuracy, others (24, 25) 
have produced evidence that the errors in such an 
estimate were often great and that a similar esti- 
mate from changes in plasma protein concentra- 
tion was also unsatisfactory. The frequent lack 
of concordance between the results of estimates 
of blood volume made under similar conditions 
by methods based on different physiological 
principles makes the accuracy of any method 
difficult to judge, but the effect of gelatin on blood 
volume seems fairly clear. In dogs, given far 
larger amounts of gelatin in relation to blood 
volume than those we employed, it was found 
(26) that blood volume, as estimated by T 1824, 
was markedly increased after the infusion, al- 
though the increment was generally somewhat less 
than the volume of the injected solution. In man, 
using the same dye, other authors (27) estimated 
that the increase of plasma volume, immediately 
after the injection of a gelatin, somewhat different 
from that we employed, averaged 58 per cent of 
the amount injected; but, thereafter, tlie blood 
volume continued to increase, the average maxi- 
mal increment, 70 per cent of the amount in- 
jected, being found 4 hours aftenvards. Results 
obtained in the Harrison Department of Research 
Surger}- suggest that the small molecular gelatin 
used by these investigators (27) appears in the 
urine more rapidly than that employed in this 


TABLE V 

Plasma volumes calculated from dilution of T 1S24 before and 
3 hours after the intravenous injection of 500 tnl. 
of 6 per cent gelatin solution 


Patient 

Weight 

Before injection 

After injection 

Change 

in 

plasma 

volume 

Plasma j 
volume 1 

Hema- 

tocrit 

Plasma 

volume 

Hema- 

tocrit 


hgm. 

ml. 

■per cent 

ml. 

per cent 

ml. 

P. 0. 

43 

1988 

42.5 

2785 

29.1 

695 

S. E. 

55 

2280 

44.8 

2710 

39.3 

430 

J.O. 

64 

2920 

44.3 

3160 

42.5 

240 

E. M. 

60 

2638 

48.4 1 

3040 

40.8 

402 

l.a. 

64 

2638 

52.4 

3590 

45.1 

1 

952 


study. Nevertlieless, our results are in essential 
accord with theirs, the dilution reaching its maxi- 
mum in the samples taken 3 or 4 hours after in- 
jection, at which time the hematocrit and plasma 
protein values could be accounted for by assuming 
a degree of dilution approximately equal to the 
volume of fluid injected. The average increase in 
blood volume, as measured by T 1824, is of this 
magnitude (Table V). Gelatin must be slowly 
lost from the blood stream, for it appears in the 
urine (1), but it also has the power of attracting 
fluid into the blood by its osmotic properties. 
Apparently, for the first few hours after injection, 
the second effect often predominates, and the. 
volume added by injection may be maintained or 
even increased. 

The results indicate that there is a small in- 
crease in venous pressure after gelatin infusion. 
Approximately equivalent increments were found 
by others (23) after infusion of similar amounts 
of serum. 

The cardiac output increased significantly after 
the gelatin infusion in 3 of the 5 normal subjects 
(Table II), and this increase was much more 
conspicuous in all the 6 chronically ill patients 
(Table III). Even larger percentage increases 
of cardiac output were found (26) to follow 
gelatin infusion in dogs, but the amount of solu- 
tion injected was much larger in proportion to 
the blood volume than was used in this studv, so 
these results are concordant with ours. 

In the case of the 3 subjects who were bled, 
one treated with gelatin, one with saline, and the 
other left untreated as a control, wc were repeat- 
ing on man a type ot cxj>erimcnt performed iti 
animals in numy lalwratories for the Ix-nefit t ' 
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Urinary 17-ketosteroids or their precursors are 
thought to arise from the adrenal cortices and the 
testes (1). Testosterone propionate is partially 
excreted as a 17-ketosteroid (2) ; on the other 
hand, 17-methyl testosterone is not excreted as 
such (3 to 5). It follows that methyl testos- 
terone in contradistinction to testosterone pro- 
pionate, may be used to study the effect of a tes- 
tosterone compound on the endogenous produc- 
tion of urinary 17-ketosteroids. The present 
paper is primarily concerned with the effect of 
methyl testosterone on the urinary 17-ketosteroids 
of adrenal origin. 

It is essential that such studies be carried out 
on individuals without functioning testicular tis- 
sue, since it is highly probable from animal ex- 
periments that testosterone inhibits its own endo- 
genous production in' the testis (6 to 8) . It is 
difficult to obtain direct data in humans on the 
effect of testosterone on the urinary 17-ketos- 
teroids of testicular origin. Thus, whereas the 
administration of methyl testosterone to a male 
without disease of the adrenals and testes induced 
-L lowered 17-ketosteroid excretion (Figure 1), 
he entire effect may have been mediated through 


iThe expenses of this investigation Were defrayed in 
)art by the Josiah Macy, Jr. Foundation and by a grant 
rom the Committee on Endocrinology of the National 
:iesearch Council. The work described in this paper was 
ione under a contract, recommended by the Committee on 
\fedical Research, between the Office of Scientific Re- 
search and Development and the Massachusetts General 

Bospital. ^ 

2 The authors wish to thank the Schermg Corporation, 
Bloomfield, New Jersey, for the generous supplies of 
methyl testosterone (Oreton-M) and the Ayerst, Mc- 
Kenna and Harrison Company, New York, for the large 
amounts of chorionic gonadotropin (A.P.L.) used m these 

^^'s^Read by title at the 36th annual meeting of the Ameri- 
can Society for Clinical Investigation, May 8, 1944. 


the adrenal cortex. Actually to establish the 
point it would be necessary to give methyl testos- 
terone to a male patient with Addison’s disease. 
This was done (Figures 2 and 3), with suggestive 
but not conclusive results. Such an experiment 
runs into difficulties because the low initial level 
of 17-ketosteroid excretion makes the errors intro- 
duced by chromogens and other technical errors 
relatively more significant. 

CLINICAL CASES 

The influence of methyl testosterone on 17-ketosteroid 
excretion by individuals without testicular tissue was 
studied in 4 females with adrenal hyperplasia, 2 normal 
females, and 1 male with absence of functioning testi- 
cular tissue. Of the 4 patients with hyperplasia, 2 had 
Cushing’s syndrome, and 2, the adrenogenital si’ndrome. 
Whereas hyperplasia of the adrenal cortices may occur 
in both of these conditions, it is tlie authors’ belief that 
in the first of them there is primarily an over-production 
of a hormone concerned with carbohydrate metabolism 
(the so-called “sugar” or “S” hormone), while in the 
second there is an over-production of a hormone con- 
cerned with anabolism of protoplasm, and masculini- 
zation (the so-called “nitrogen” or “N” hormone) (9). 
In Cushing’s syndrome there may be a compensatory 
over-production of “N” hormone as well (9). One 
“normal” female had no disease; the otlier had Paget’s 
disease but was normal with respect to adrenal cortical 
function. The male patient had clinical evidence of 
hypoleydigism, a high excretion of follicle-stimulating 
hormone in the urine, a high 17-ketosteroid excretion, 
and, as demonstrated at exploration at the age of 8, 
bilateral rudimentary testes. Thus, the evidence for 
lack of testicular tissue includes not only the clinical 
evidence of hypoleydigism and the findings at operation 
but the high titer of follicle-stimulating hormone (11). 
The high 17-ketosteroid excretion in spite of the clinical 
picture of hypoleydigism presumably represents com- 
pensatory hyperplasia of the adrenal cortex, such as is 
known to occur in animals castrated at birth (12, 13). 
The findings are entirely dissimilar to those in the 
usual eunuchoid patient, where the follicle-stimulating 
hormone excretion in the urine is usually normal or low 
and the 17-ketosteroid is regularly low (14). 


/iiA 
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DAYS 

Fig. 1. Effect of Methyl Testosterone Therapy on the Urinary 17-Ketosteroid Excretion in a Man with 

Paget’s Disease of Bone (Osteitis Deformans) 

In this patient (B. F., No. 36002, a male of 49 years), it is assumed that the functions of the adrenal cortices and 
testes are comparatively normal ; however, the 17-ketosteroid excretion at the time of the experiment was low, prob- 
ably because of debility (9). It will be noted that, although the control values were low (a mean of 4.8 mgm. per 
24 hrs.) compared with the normal level in males (circa 14 mgm. per 24 hrs. (1)), with methyl testosterone therapy 
there was an orderly fall to a still lower level (a mean of 3.0 mgm. per 24 hrs.), and that with omission of the ther- 
apy the values rose to a level (a mean of 5.3 mgm. per 24 hrs.) approximating the pre-treatment level. The v'alues 
for the first 6 days following a change in therapy were omitted in compiling the mean values. Note that the meas- 
urements were made on 24-hour collections. 



Fig. 2. Effect of Methyl Testosterone on the Urinary 17-Ketosteroid Excretion in a Man with AKifOv’s 

’ ' ■ Dise.^se 

This patient, K. P., No. 369416, a male of 44 years, had tuberculosis of ti’.c adrenals. At the time o: the experi- 
ment, the patient was t.alcing no medication except 3 grams of sodium chloride by mouth daily. It will l-e note-] tiat 
during the control period the 17-l;ctO'teroid excretion was lotv (a m.ean of 4.0 mgm. j>er 24 hrs.) c':n: 7 o.rcd v. it.h 
the normal level in males (circa 14 m.gm. per 24 hrs. (I) ) ; tliat under mctinl testosterone tlnerapv ti:e level wu* 
suggestively lower (a mean oi 1.6 mgm. per 24 hrs.); that, when Lhe drug was cm.itted. the level v.-a' inrrer.^e-I (= 
mean of 4A mgm. per 24 hrs.). Tlic vt.Iucs for tlie first 6 d.ays follo'.wng a ciuinge in therapy v. ere rmit-d in com- 
piling the mean \-alucs. Note th.at Lhe m.e.a5urcmer.ts were made cn 24-hour cclleclions. 
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This patient, Mayo Clinic No. 1-269-227, a male of 37 years, had tuberculosis of the adrenals. 
The data on this patient were made available through the courtesy of Dr. Edwin J. Kepler, 
Rochester Minnesota (10), to whom the authors are greatly indebted. During the first 6 days 
of the experiment, the patient received 10 grams of sodium chloride and S grams of sodium 
citrate by mouth daily; during the remainder of the experiment he was given 4 mgm. of desoxy- 
corticosterone acetate each day intramuscularly. This therapy had no effect on the 17-ketos- 
teroid excretion. It will be noted that during the control period the 17-ketosteroid excretion 
as low (a mean of 3.5 mgm. per 24 hrs.) compared with the normal level in males (circa 14 
24 hrs (l))i under methyl testosterone therapy the level was suggestively 

mgm. 2.1 nigm. per 24 hrs.). The values for the first 6 days following a change in 

th'^rapy were omitted in compiling the mean values. Note that the measurements were made on 
24-hour collections. 


METHODS 

The 17 -ketosteroid content of the ^vas 

r a method based on a modification (IS) of the Zim- 
ermann reaction (16) that has been described previ- 


ously (1). To correct the result for color introduced 
by chromogens, the reaction is read through a green 
and a violet filter, and a color correction equation applied. ' 
The method is accurate within 1 to 2 mgm. in repeated 
analyses of the same urine pool. Normal females ex- 







crcfc from 5 to 14 (average 9), normal males from 8 
to 23 (average 14) mgm. of stcronc per 24 hours (1). 

Tlic collection of urine specimens \\’as rigidly super- 
vised to insure accuracj-. Cases 1, 3, and 6 were studied 
on tlic rcseardi ward, and their collections were handled 
by specially trained personnel. Most of the determina- 
tions in these 3 rases were made on aliquots of 72 to 
144-hour pools. The other patients in this investigation 
collected their specimens at home and brought them per- 
sonally to the l.aborator}’ ; these individuals were in- 
structed carefully in the method of collection and were 
questioned frequently to be certain tint they followed 
the method aecurately. Most of the determinations in 
these p,alicnts were on specimens tint were obtained 
by pevoling in th.c laboratory two accurately timed night 
collections. All of the results are reported in terms 
of amounts per 24 hours. 


Methyl testosterone was administered to the patients 
by mouth in the form of 10 mgm. tablets. 

RESULTS 

In (3ase 1,* I. G., No. 350260, a girl of 11 years 
with classical Cushing's S 3 'ndromc, the eficct of 
metln’l testosterone was studied twice (Figures 
4 and 5). It will be noted that during Isoth con- 
trol periods, the 17-l:eto.stcroid excretion {circa 
15 mgm. per 24 hours) was verv’ high for her age 
(nonnal, circa 1 to 3 mgm. i>cr 24 hours (17)) 
and quite constant ; that under metliyl testosterone 
therapy the excretion showed a verj' orderly fall to 

* Furthr.' clinical data arc pu’!i!;',el cltcv.h'r 
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CUSHING'S SYNDROME 
I.C. 5 ace 12 


MG./2AHR. 

lO-l 


16 - 

14- 

12 - 

10 - 

8- 

6 - 

4- 

2- 

0 - 



Fig. 5. Case 1, Repeat Experiment 

For discussion, see text. Insulin, 25 to 100 units daily, was given intramuscularly from day 18 to day 42. Note that 
the measurements were made on 144-hour collections. 


a considerably lower value (circa 4 mgm. per 24 
hours) ; that, when the therapy was omitted, the 
excretion again rose. 

In Case 2,° R. B., No. 3397, a woman of S3 
years, also suffering from Cushing’s syndrome, it 
will be observed (Figure 6) that the average pre- 
treatment excretion (circa 18 mgm. per 24 hours) 
was high for an adult woman (normal circa 9 
mgm. per 24 hours ( 1 ) ) and very constant ; that 
the excretion rose both with testosterone pro- 
pionate and with dehydroisoandrosterone acetate; 
that under methyl testosterone therapy the ex- 
cretion showed a gradual fall to a low value (circa 
2 mgm. per 24 hours) ; and that, after discon- 
tinuation of methyl testosterone therapy, the ex- 
cretion again rose to the pre-treatment level. 

In Case 3, R. H., No. 401611, a girl of 6 years 
with congenital adrenogenital syndrome and 
pseudohermaphroditism, it will be noted (Figure 
7) that during the control period, the 17-ketos- 
teroid excretion (circa 15 mgm. per 24 hours) 
was very high for her age; that under methyl 
testosterone therapy the excretion showed a steady 
fall to a lower value (circa 10 mgm. per 24 

® Further clinical data are published elswhere (1, 9, 18). 


hours) ; and that after the therapy was omitted 
the excretion definitely increased. 

In Case 4,® E. F., No. 240632, a woman of 24 
years with a condition similar to Case 3, the 
average 17-ketosteroid excretion (Figure 8) 
(circa 45 mgm. per 24 hours) was very high dur- 
ing the control period; with methyl testosterone 
therapy the average level (circa 35 mgm. per 24 
hours) was suggestively lower; and, when the 
drug was discontinued, the average excretion 
(circa- 40 mgm. per 24 hours) was increased. 

Case 5, A. S., a woman of 34 years, had no dis- 
ease, and normal function of the adrenal cortex. 
It will be observed (Figure 9) that during the 
control period the average 17-ketosteroid excre- 
tion (circa 11.5 mgm. per 24 hours) was slightly 
above the average for an adult woman (normal, 
circa 9 mgm. per 24 hours ( 1 ) ) ; that during the 
administration of 20 mgm. of methyl testosterone 
daily, the 17-ketosteroid excretion tended to be 
lower; that during the administration of 40 mgm. 
of methyl testosterone daily, the excretion showed 
a gradual fall to definitely low values (circa 6 
mgm. per 24 hours) ; and that after discontinua- 

® Further clinical data are published elsewhere (1). 


7-ketosteroids 
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Fig, 7. Effect of Methyl Testosterone Therapy on the Urinary 17-Ketosteroid Excretion in Case 3, a 

Girl with Adrenogenital Syndrome 

For discussion, see text. Desoxycorticosterone acetate, 10 mgm. daily, was given intramuscularly from day 66 to 
day 86. This therapy had no effect on the 17-ketosteroid excretion. Note that the measurements were made on 
24-hour collections for the first 3 and the last 3 determinations, on 72-hour collections for days 18 to 24, and other- 
wise on 144-hour collections. 


tion of methyl testosterone therapy, the excretion 
again rose to the pre-treatment level. 

Case 6, F. S., No. 424919, a woman of 35 years 
with Paget’s disease (osteitis deformans), is as- 
sumed to have normal function of the adrenal 
cortex. It will be seen (Figure 10) that, during 
the control period, the 17-ketosteroid excretion 
(circa 8 mgm. per 24 hours) was approximately 
average for an adult woman (normal circa 9 mgm. 
per 24 hours (1)) ; and that under methyl testos- 
terone therapy the level (circa 6 mgm. per 24 
hours) was moderately but hardly significantly 
lower. 

Case 7, F. B., No. 84187, a man of 27, had be- 
fore any specific treatment a high voice, small 
larynx, no beard, rudimentary prostate, absence 


of testes in scrotum, moderately well developed 
phallus, axillary and pubic hair absent, scant hair 
on extremities, absence of recession of hair in 
temporal regions, and obesity. Bilateral rudi- 
mentary testes were found at operation at age of 
8. The pituitary gonadotropic (follicle-stimulat- 
ing) hormone in the urine (between 567 and 868 
mouse units per 24 hours) was very high com- 
pared with the normal (less than 104 mouse units 
per 24 hours (19)). The excretion of 17-ketos- 
teroids (circa 16 to 33 mgm. per 24 hours) was 
also high. It will be noted (Figure 11), that two 
experiments were carried out on this patient with 
different doses of methyl testosterone. The con- 
trol values (circa 24 mgm. per 24 hours) were 
high; during the administration of 100 mgm. of 







0 12 24 36 48 60 72 84 96 108 120 02 144 156 168 180 190 204 216 228 240 252 

DAYS 

Fig. 8. Effect of Methyl Testosterone TnERAry on the Urinary’ 17-Ketosteeoid E.xcretion in Case 4, a 

Woman with Adrenogenital Sy’Ndrome 

For discussion, see text. Note that the measurements were made on 24-hour collections. 


methyl testosterone daily there was a fall to a 
lower level (circa 19 mgm. per 24 hours) ; during 
the 14 days after the cessation of therapy, the 
level {circa IS mgm. per 24 hours) continued low. 
This experiment was considered inconclusive and 
so was repeated with larger doses. During the 
administration of 200 mgm. of methyl testosterone 
daily, the 17-ketostcroid e.xcretion (circa 10 mgm. 
per 24 hours) was definitely lower than the initial 
values (circa 24 mgm. per 24 hours) or tlic inter- 
vening control Y-ahies (circa IS mgm. per 24 
hours) ; from the 14th to 27th day following ces- 


sation of treatment, the level (circa IS mgm. per 
24 hours) was significant!}’ higher. It v.'ill be 
noted in Figure 11 that chorionic gonadotropin 
(.A.P.L.) was administered on tY’.’o occasions. 
-Although this therapy may have induced a tran- 
sitory- rise in the 17-kctostcroid otcrction, this 
possibility has liecn ignored in compiling the mc.an 
values obtained during methyl testosterone 
therapy (Table I). 

The data from these studies arc summarized in 
Table I. Since there is a del.ay in the onset and 
in tl:c cessation of effect folio .ng t.he adminis- 
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Fig. 9. Effect of Methyl Testosterone Therapy on the Urinary 17-Ketosteroid Excretion in Case 5, a 

Normal Woman, Age 34 Years 

For discussion, see text. Note that the measurements were made on 24-hour collections. 


tration of methyl testosterone, the values for the 
first 6 days following a change in therapy were 
omitted in compiling the mean values. In the 
9 experiments, the 7 patients had an average ex- 
cretion of 18.7 mgm. of steroid per 24 hours be- 
fore, 11.9 mgm. during, and 18.4 mgm. after 
methyl testosterone administration. 

DISCUSSION 

The possibility that the decrease in the urinary 
17-ketosteroid level during the administration of 
methyl testosterone is fortuitous and unrelated 
to the therapy is almost eliminated by the fol- 
lowing points; (a) there is a direct relationship 
between the fall in level and the administration 
of the therapy, which is clear-cut in Case 1 (both 
experiments). Case 2, Case 3, Case 5, and Case 7 
(Experiment 2) ; (b) there is a tendency toward 
a fall in the excretion in all of the other experi- 


ments (including the studies of the two males with 
Addison’s disease, and of the male with normal 
function of the adrenals and of the testes) ; (c) 
the fall in the level is gradual suggesting a physio- 
logic alteration rather than a chance variation; 
(d) there is a rebound to higher or pre-treatment 
levels with cessation of therapy in all of the ex- 
periments in which these studies were made 
except Experiment 1, Case 7 ; and (e) the amount 
of decrease {circa 40 to 60 per cent) in excretion 
in Case 1 (both experiments). Case 2, Case 3, 
Case 5, and Case 7 (Experiment 2) significantly 
exceeds both the technical errors of the method 
{vide supra) and the amount of unexplained day 
to day variation (not more than 25 per cent and 
usually less (20)) that we have encountered else- 
where. For example, 17 assays on one male in- 
dividual gave an average excretion of 12.9 mgm. 
per 24 hours with a deviation of ±; 1.5 mgm. or 
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rh 12.6 per cent per 24 hours (21). In view of 
these considerations, it is concluded that the de- 
crease in the urinary 17-ketosteroid level during 
the administration of methyl testosterone is due 
to the action of this compound. 

Much of the argument to follow depends on 
the assumption that the 17-ketosteroid excretion 
in the urine can be used as an index but not a 
measure of “N” hormone production. We have 
elsewhere (9) reviewed the considerable circum- 
stantial evidence that the urinary 17-ketosteroids 
are : (a) largely derived from “N” hormones, and 
(&) only slightly, if at all, from “S” hormones. 
We will cite here only one piece of evidence for 
each of these suppositions. Thus, on the one 
hand, testosterone (a strong "N” hormone) is 
excreted largely as androsterone and etiocholano- 
lone both' of which are 17-ketosteroids; on the 
other hand, pre-pubertal children, who in all 
probability have a normal “S” hormone produc- 
tion, excrete negligible amounts of 17-ketosteroids 
in the urine. 

The experiments herein reported indicate that 
methyl testosterone interferes with the adrenal 
cortical mechanism for producing urinary 17- 
ketosteroids or their precursors. Such an inter- 
ference might be produced in at least two ways; 
(a) a direct inhibition by methyl testosterone of 


TABLE I 

Effect of methyl testosterone on urinary 
17-ketosteroid excretion 


Case No. 

Average excretion 

Before 

During * 

After* 


fngm, fcT 24 kc-urs 

Case 1, Exp. 1 

15.3 

6.1 

13.0 

Case 1, Exp. 2 

13.5 

7.6 


Case 2 

lS.7t 

5.9 

16.3 

Case 3 

15.8 

11.8 

13.2 

Case 4 

42.8 

34.5 

40.1 

Case 5 

11.5 

6.U 

10.2 

Case 6 

7.6 

6.4 


Case 7, Exp. 1 

24.2 

18.85 

18.0 

Case 7, Exp. 2 

11 

10.05 

17.7 

Average 

18.7 

11.9 

ISA 


• V.iliics diirinR first 6 days after change in therapy 
omitted. 

t Control level before any treatment, 
i .^yemge during administration of 40 mgm. per d.ay. 
_ § Valucs during chorionic gonadotropin the-rapy includ^ 
in calculating the ayernge cacrction (sec Figure 11). 

II Experiment 2 inimcdutcly folloivcd the after-period of 
Lxperiment 1 (sec Figure 11). 
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Fig. 10. Effect of Methyl Testosteroxe Therapy 
ON THE Urinary 17-Ketosteroid Excretio.v in Case 6, 
A Woman with Paget’s Disease of Bone (Osteitis 
Deformans) 

For discussion, see text. Note that the measurements 
were made on a 144-hour collection for days 1 to 6, and 
on 72-hour collections thereafter. 


the adrenal cells which produce 17-ketosteroids or 
their precursors, or (b) an indirect inhibition of 
these cells by decreasing the production of some 
tropic hormone (or hormones) by the anterior 
pituitary. Animal experimentation favors the 
latter instead of the former thesis, since it has 
been shown (22) that the atrophy of the adrenal 
cortex induced by testosterone therapy does not 
occur in pituitarectomized animals receiving 
adrenal corticotropic hormone. This is analagous 
to experiments of others (6) in which the dam- 
aging effects of testosterone on the Lev'dig cells 
could not be produced in pituitarectomized ani- 
mals in which the Lcydig cells were maintained by 
cliorionic gonadotropin (a hormone very' similar, 
if not the same, as the luteinizing hormone). 

In the case of the male gonad, the tropic hor- 
mone in question is the luteinizing hormone, LH. 
Since it lias been here shown that methyl , tes- 
tosterone inhibits the 17-V:ctostcroid production 
by the adrenal corlc.': and since tlie same is 
thought to be true for the male gonad, fliesc e.y- 
periments may add one more piece of evidence to 
tliat obtained elsewhere (zi'cfc tnirci) th.at t:ic l>ro- 
duction of 17-ketosteroids or tlicir jirccur.-ors 
from both these organs is stimulated by th.e :r.:r.e 
tropic hormone, namely LH. 
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In Figure 12, an attempt is made to show these 
hormonal relationships schernatically in a normal 
individual; in Figure 13, attempts are made to 
show these relationships both before and after the 
administration of methyl testosterone in a normal 
individual, a -female patient with Cushing’s syn- 
drome, a female patient with adrenogenital syn- 
drome, and a male patient with Addison’s disease. 

There is evidence, besides that here presented, 
that one tropic hormone of the pituitary stimulates 
in the male both the cells of the adrenal cortices 
concerned with the production of 17-ketosteroids 
and the cells of Leydig. In a previous paper from 
this clinic (14), it was pointed out that those 
eunuchoid patients (the minority) 'with high 
titers of follicle-stimulating-hormone in the urine 
had 17-ketosteroid excretions of the order of mag- 
nitude of those seen in normal females. The in- 
ference was that these patients suffered from a 
primary underfunction of the gonads (f.c., eunuchs 
from an endocrine point of view) with normal 
function of the adrenal cortices. It was further 
shown that those eunuchoid patients (the major- 
ity) who did not have a high titer of follicle- 
stimulating-hormone in the urine had 17-ketos- 
teroid excretions considerably lower than those in 
the normal female; the inference was that such 
patients were suffering from a defective produc- 
tion of 17-ketosteroids in both the adrenal cortices 
and the testes. This suggested that one hormone 
stimulated both organs (see Figure 12). Fur- 
thermore, the failure of bilateral orchidectomy in 
patients with metastatic cancer of the prostate to 
lower tlie 17-ketosteroid excretion (24) is in ac- 
cord with the suggestion that such a procedure 
removes an inhibitor to the tropic hormone in 
question and that the resulting increased pro- 
duction of said tropic hormone stimulates in- 
creased production of 17-ketosteroids in the 
adrenal cortices. 

Similarly, the obseiwation that the 17-ketos- 
tcroid excretion of young adult females tends to 
rise for a year or more following tennination of 
ovarian function by castration or x-radiation (25, 
26) favors the same interpretation. The demon- 
stration that there is a rise in the urinarv excre- 
tion of luteinizing honnone in the menopausal 
state (27) also is in accord witli tlie suggested 
In-pothcsis. 


ANTCHioR pirurrwY 



ir-KS. IT-KS. 


Fig. 12. Schematic Diagram to Show Normal Re- 
lationship Between Anterior Pituitary Tropic Hor- 
mones AND Tissues PRODuaNG 17-Keiosteroid Pre- 
cursors 

The pituitary is divided into three compartments : FSH 
for follide-stimulating-hormone, LH for luteinizing hor- 
mone, and "et al." for remaining hormones. The authors 
are not certain whether the compartment marked LH 
should not also include luteotrophin. Striped arrows arc 
used to represent 17-ketosteroid hormones. E— estradiol; 
P — progesterone; X — hypothetical hormone produced by 
tubules of testes (23) ; A — androgen (testosterone) ; N — 
“N hormone” (see text); S — “S hormone” (see text). 

Other circumstantial evidence that the luteiniz- 
ing hormone stimulates 17-ketosteroid production 
by the adrenal cortex is summarized in the follow- 
ing paragraphs. Further discussion of the find- 
ings that support these contentions, as well as of 
a small amount of data that do not, may be found 
elsewhere (28, 29). 

Atrophy of the adrenal cortex has been pro- 
duced in animals by the administration of testos- 
terone (22, 30 to 40) and progesterone (22, 38, 
41, 42) ; while hypertrophy of the cortex has re- 
sulted from treatment with estrogens (43 to 59). 
These effects cannot be produced in hypophyscc- 
tomized animals in which the adrenal corte.x is 
maintained in a nonnal state by th.c administration 
of adrenocorticotropic hormone (22, 45, 52, 60). 
This is evidence that the effects of testosterone, 
progesterone, and estrogens on th.e adrenal cor- 
tex are brought about through the pituitary. It 
has been shown that testosterone (6, 3-S, 61, 62) 
and progesterone (63 to 66) ininhit the pro'luc' 
tion of luteinizing hormone (LH) by ti’.c r.nterio; 
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pituitary, while estrogens (45, 67 to 69) increase 
the production of LH. Hypertrophy of the 
adrenal cortex has been produced by the admin- 
istration of LH (70), or by substances very anala- 
gous to it, such as chorionic gonadotropin (70 
to 75) and the gonadotropic principle of pregnant 
mares’ serum (70, 76) ; presumably atrophy of 
the adrenal cortex may result from the lack of 
LH. Further evidence is obtained from the ef- 
fects of removal of the gonads. Gonadectomy 
results in an increase in the gonadotropic activity 
of the pituitary gland (77, 78). Gonadectomy 
also causes hypertrophy of the adrenal cortex 
(12, 13, 22, 50, 79 to 88). This hypertrophy of 
the adrenal cortex can be made to atrophy by 
testosterone (22, 34, 78, 83, 87, 89, 90) and by 
progesterone (22, 87) ; and to increase by estro- 
gens (58, 88). These facts make very attractive 
the assumption that LH exerts an effect on the 
adrenal cortex which is characterized b}' an hyper- 
trophy of the cortex when LH production is ex- 
cessive, and by an atrophy of the cortex when LH 
production is diminished below normal. 

The question then arises whether the alterations 
in the adrenal cortex that are attributed to changes 
in the production of LH by the pituitary cannot 
be attributed equally well to changes in the pro- 
duction of adrenocorticotropic hormone (ACTH) 
of the pituitary", since ACTH also exerts an effect 
on the adrenal corte.x which is characterized by 
a hypertrophy of the cortex when ACTH pro- 
duction is excessive (50, 80, 91 to 105) and by an 
atrophy of the cortex when ACTH production is 
diminished below normal (106 to 116). Against 
this assumption are the following facts: (1) dis- 
tinct differences can be be demonstrated histologi- 
calty between the hjpertrophy of the adrenal cor- 
tex produced by tiie two mechanisms, since in 
hypophyscctomized animals no restoration of the 
lipoid content and no disappearance of the sud- 
anophobe zone occurs after the administration of 
LH (52, 76) and estrogens (52, 76), while a 
disappearance of the sudanophol)c zone and re- 
storation of the lij>oid content ocasrs after the ad- 
ministration of ACTH (52. 76, 101): and (2) 
hypertrophy of the adrenal cortex lias l.^een pro- 
duced by LH preparations tb.at contain in'’-igr.iri- 
cant amornits of .•\CTH (52, 70, 76), and zicc 
z'crsa (99 to 105). TitCiC facts favor t;,c ri.'snrnp- 
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tion that both LH and ACTH atTcct the adrenal 
cortex, but not in the same manner. 

The strength of the evidence derived from the 
animal experiments cited above would be in- 
creased if it could be shown that alterations in 
the size of the adrenal cortex were correlated 
with changes in the excretion of 17-ketosteroid 
or androgenic substances. In most of these in- 
vestigations, this evidence has not been sought. 
Pertinent to this discussion, however, are the ob- 
servations of certain investigators (117, 118) who 
were able to produce significant enlargement of 
the seminal vesicles and prostates of castrated rats 
by means of pituitary extracts which also caused 
hypertrophy of the adrenal cortices. Since the 
effect could not be elicited in the absence of the 
adrenals, it is clear that this gland had been 
stimulated to secrete an androgenic principle. 
Another author (119) obtained similar results 
in castrated male guinea pigs, and also observed a 
masculinizing effect (hypertrophy of the clitoris) 
with pituitary extracts in ovariectomized females. 
Studies to demonstrate directly in man the effect 
of chorionic gonadotropin on the production of 
17-ketosteroids by the adrenal cortex are being 
conducted. 

Since the luteinizing hormone in the female 
stimulates the production of progesterone (120), 
it might be anticipated that large doses of proges- 
terone (like methyl testosterone) would inhibit 
17-ketosteroid production from both the adrenal 
cortices and the male gonads; studies to answer 
this question also are being conducted. 

The evidence here presented suggests that the 
high 17-ketosteroid excretion in the adrenogenital 
syndrome is less easily influenced by methyl tes- 
tosterone than is that in Cushing’s syndrome, even 
though the pathology in both instances is hyper- 
plasia of the adrenal cortices. This finding is 
consistent with the thought, already expressed 
elsewhere (9), that the increased 17-ketosteroid 
production in Cushing’s syndrome is compen- 
satory to the primary pathology which is an in- 
creased production of the “S” hormone; such 
being the case, one would anticipate that when an 
exogenous source of “N” hormone was made 
available in the form of methyl testosterone, the 
endogenous production would quickly recede. In 
the adrenogenital syndrome, on the other hand, 
the primary cause of pathology is thought to be a 


hyperplasia of those cells which produce "N” 
hormone, aud one would anticipate that it would 
he harder to modify a process which is primary 
than one which is secondary. 

Frotn the clinical point of view, however, the 
important point is that the over-production of 
“N” hormone in the adrenogenital syndrome can 
be reduced. This may be a clue to therapy. 
Needless to say it is of little value to such a 
patient to have her endogenous "N” hormone pro- 
duction decreased by taking an exogenous source 
of “N” hormone. However, if a steroid could be 
found which inhibits the endogenous source with- 
out itself being an androgen, an important ad- 
vance in the therapy of these unfortunate patients 
would probably be at hand. Progesterone has 
not had a beneficial effect in moderate doses 
(5, 121) ; it is to be hoped that it may have in 
very large doses. In any case, the authors feel 
very strongly that the approach to the problem is 
in tliis direction, as nothing is to be gained by 
subtotal resection of the adrenal cortices (122, 
123). 

SUMMARY AND CONCLUSIONS 

1. Since 17-methyl testosterone is not excreted 
as a 17-ketosteroid, it was employed to study the 
effect of a testosterone compound on the endo- 
genous production of urinary 17-ketosteroids of 
adrenal origin. 

2. The administration of meth}'! testosterone 
decreased the urinary 17-ketosteroids of 7 patients 
in whom the only source of these substances was 
the adrenal cortices. The patients included: 2 
women with adrenal hyperplasia and Cushing’s 
syndrome, 2 women with adrenal hyperplasia and 
adrenogenital syndrome, 2 women with normal 
cortical function, and 1 man with adrenal hyper- 
plasia and congenital absence of functioning testi- 
cular tissue. 

3. The administration of methyl testosterone 
caused a suggestive but not conclusive decrease 
in the urinary 17-ketosteroids of 2 male patients 
with Addison’s disease in whom the only source 
of these substances was the testes. 

4. Since the production of 17-ketosteroids or 
their precursors by both the adrenal cortex and 
the male gonad appears to be inhibited by methyl 
testosterone, it is suggested that the mechanism 
of inhibition is the same for both glands, 
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5. This inhibition is attributed to a decreased 
production of some pituitary tropic hormone, as 
suggested by animal experiments in the literature. 
If one accepts this hypothesis, the findings here 
reported support the thesis that the same tropic 
hormone, presumably the luteinizing hormone, 
stimulates both glands. 

6. The 17-ketosteroid excretion by patients 
with the adrenogenital syndrome was less easily 
influenced by methyl testosterone than was that 
of patients with Cushing’s syndrome. This is 
further evidence that the elevated 17-ketosteroid 
excretion in the former condition is a manifesta- 
tion of the primary pathology, whereas the in- 
creased excretion in the latter condition is an 
indication of a compensatory process. 

7. The fact that the 17-ketosteroid excretion in 
the adrenogenital syndrome can be reduced with 
methyl testosterone shows that the condition is 
potentially reversible and gives hope that a non- 
androgenic steroid may be found which will like- 
wise reduce the 17-ketosteroid excretion in this 
condition. 

The authors arc indebted to Lowell D. Cox for tech- 
nical assistance. 
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Since loss of blood volume is the initiating fac- 
tor common to most types of traumatic shock, 
the therapeutic problem has been studied experi- 
mentally primarily from this point of view. Con- 
fusing or complicating factors, such as local 
trauma and the sepsis of trauma and anesthetics 
including barbiturates, have been eliminated by 
limiting the experimental method to simple 
hemorrhage in the unanesthetized animal, with or 
without morphine. Shock, so induced and main- 
tained, exhibits all the classical phenomena ex- 
pected and is responsive within certain variable 
limits of time and levels of blood pressure, to the 
restoration of all the shed blood. If the shock 
state is treated effectively first by a replacement 
of the blood volume deficiency, the shock is said 
to be “reversible” and as such does not represent 
a problem of challenging import. The problem, 
for our purpose, begins when and if the replace- 
ment of all shed blood, by whole blood or a blood 
substitute, fails to produce a sustained improve- 
ment equivalent to virtual recovery. This com- 
munication is concerned with the therapeutic value 
of a variety of agents administered after the shock 
has been shozvn to be irreversible to the infusion 
of all shed blood. This we regard as the most 
valid technique for testing the efficacy of any 
agcnt.= 

^The work described in this paper was done under a 
contract, recommended by the Committee on Jlcdical Re- 
search, between the Ofiicc of Scientific Research and De- 
velopment and Harvard University. 

- Tfic existence of a state of irreversibility to transfu- 
sion can be only roughly estimated (sec below) because 
age, condition of the experimental animal, nutritional and 
fluid reserve, cn\-ironmental temperature, position on the 
table, etc. influence the progress of the shock state. Since 
no reliable method for confidently predicting the response 
to blood or blood substitute alone lias been developed, 
claims niade for the therapeutic smlue of any procedure or 
any $ub5t.mcc other tlian blood or a blood substitute could 
be valid if cfTectivc alone and without restori.ng blood 


METHOD 

Unselected mongrel dogs weighing from 8 to 20 kgm. 
were given a single dose of morphine sulphate (1 to 2 
mgm. per kgm. intramuscularly) 1 to 2 hours before the 
start of the experimental period. Groin vessels were ex- 
posed after procaine infiltration with a minimum of dis- 
section and blood loss and without aseptic precautions. 
Sulfanilamide powder or propamidine cream tvas put in 
the wound at the end of the dissection and again just be- 
fore closure. No other wound was created, except for an 
occasional exposure of the left external jugular vein, 
through which a tube or catheter was passed to the right 
auricle for sampling the mixed venous blood or measuring 
the venous pressure. The arterial blood pressure was 
measured by a mercury manometer attached to a hepari- 
nized cannula in the femoral artery. The animals were 
handled gently and were lightly tied to the table. The 
position of the thorax was changed frequently during the 
shock period and after therapy. In a prolonged course of 
therapy, occasional animals were removed from the tabic 
now and then and allowed to walk about’. - 

The animals wererbled rapidly from the femoral artery 
into clean but unsterilizcd vessels containing heparin. 
Since unanesthetized dogs may tolerate blood pressure 
levels as low as 50 mm. Hg for long periods (in occa- 
sional instances for as long as 5 to 8 hours) without de- 
veloping irreversible shock, bleeding was continued until 
the blood pressure dropped to 30 mm. Hg and maintained 
within a range of 30 to 50 mm. Hg by subsequent small 
withdrawals or reinfusions of blood. The amount of 
bleeding required to accomplish this fall saried from 20 
to 60 ml. per kgm. Subsequent spontaneous drops in 
blood pressure below 30 mm. Hg were apt to result in 
cessation of respiration and death, even though shod: ir- 
reversible to transfusion might not have supervened. 
These were treated by the infusion of enough blood to 
raise the blood pressure to just above 39 mm. Hg and to 
maintain spontaneous respiration. When, after a pcrio'l 
varying from 1 to 5 hours, there was little or no responte 
of blood pressure to small test transfusions of 25 to SO m.I, 
of blood, irreversibility to transfusion was liltely, thougii 


volume dcficienc>' or if cfTectivc after a tiamfusion b.r.s 
failed. If the estimate of an agent's value is base'! 
its presumed effectiveness svhen given just before or along 
with tlie blood or blood su''stitute, une-giivoea! evil-nre 
must be provided to show that the latter alone would r.-t 
have acliieved the same result. 
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not certainly predictable. When the dog was thought to 
be irreversible to transfusion the remainder of the with- 
drawn blood was filtered through gauze and rapidly in- 
fused into the femoral vein. The blood pressure response 
was then followed. If the condition of an animal was so 
poor at the end of the shock period that it did not respond 
to transfusion with a rise in blood pressure to 80 to 100 
mm. Hg or higher, it was not used. If the animal recov- 
ered completely or maintained a blood pressure level 
above 80 mm. Hg for more than 3 to 4 hours, it was dis- 
carded. Only when tlie blood pressure fell to 70 mm. Hg 
or less was irreversibility to transfusion assumed and a 
test of supplementary therapy started. (The only devia- 
tion from this procedure occurred in the group of dogs 
(Group F) which were treated by sodium bicarbonate dis- 
solved in the transfused blood.) In some experiments, 
therapy was continued until the animals were dearly 
moribund or dead; in others, the groin wounds were 
closed upon termination of therapy and the animals were 
taken down from the tables. The thoracic and abdominal 
viscera were examined as soon as possible after death. 

In about half of the experiments herein reported, it was 
found convenient to use an apparatus (1) which is ar- 
ranged to permit bleeding freely into a bottle suspended 
at a level corresponding to 30 mm. Hg pressure, so that 
a rise in arterial pressure above 30 mm. Hg results in 
further bleeding into the bottle, wliile a fall below 30 mm. 
Hg results in back-flow from the bottle into the artery. 
This steady level of blood pressure is maintained for 
hours. Sulfanilamide (0.8 gram per 100 ml. of shed 
blood) and just enough heparin to prevent coagulation 
were added to the blood in the bottle. With this set-up, 
irreversibility was considered likely when one third to 
one half of the blood in the bottle had returned to the dog. 
The remaining blood was then rapidly infused mto the 
femoral vein. The automaticity of this apparatus made it 
possible to run as many as 6 experiments simultaneously, 
so that a group of dogs could be observed under identical 
environmental conditions. 

Since dogs in shock are susceptible to further damage 
from almost any manipulation, no procedures other than 
those described were carried out, and blood sampling was 
almost entirely avoided. 

TECHNIQUES OF THERAPY AND RESULTS 

Group A: Physiologic saline solution 

Five dogs were given 0.85 gram per cent 
sodium chloride solution intravenously, contin- 
uously or intermittently at whatever rate was re- 
quired to maintain the blood pressure above 80 
mm Hg If the response was adequate, the rate 
of injection was controlled so as to minimize over- 
loading of the circulation. If the response was 
not sustained, the infusion was continued without 
interruption until the moment of death. The total 
volume of saline solution given ranged from 75 


to 885 ml. per kgm. Transitory imjirovcmcnt of 
the circulation resulted, as indicated by the rise 
in arterial blood pressure and the oxygen content 
of venous blood, but all dogs died within 18 hours 
after the start of this supplemental therapy. 
Marked generalized and pulmonary edema, serous 
effusions, and intestinal hemorrhages were found 
at post-mortem examination. In many instances, 
the liver was stiff and swollen, the leaves of 
mesentery and the lobules of pancreas were sepa- 
rated, and the subcutaneous tissues were tense 
with fluid. 

Group B: Ringers solution with glucose and 
alkali ” 

This preparation was used instead of saline 
solution in this group to counter a possible de- 
ficiency in carbohydrate and the increase in acid 
metabolites. Six dogs so treated received the 
fluid after the manner described for Group A, with 
the same transitory improvement produced bj' 
saline solution. All 6 dogs died within 16 hours 
after the start of this therapy and showed the 
same autopsy findings as in Group A. 

Group C: 5 per cent crystallised bovine albumin * 
Thirteen dogs received this therapy continu- 
ously until they maintained improvement or until 
they were moribund. The total volume given 
ranged from SO to 250 ml. per kgm. In 8 experi- 
ments, the albumin w'as dissolved in 0.85 per cent 
saline solution ; in 5, the albumin was dissolved in 
the modified Ringer’s solution with added glucose 
and alkali. Temporary improvement in arterial 
blood pressure and venous blood oxygenation re- 
sulted in almost all dogs. Ten died within 24 
hours of the start of treatment. One dog, re- 
ceiving albumin in saline solution, lived 48 hours 
and one dog, receiving albumin in Ringer’s solu- 
tion, recovered completely. 

Marked oozing of blood from all wounds ap- ‘ 
peared soon after the beginning of the albumin 
infusion. It could not be controlled by pressure, 
wound suture, or thrombin solution. 

At autopsy, all animals of the group showed 

s Composition of this fluid per liter distilled water : 
NaCl 8.5 grams, NaHCO, 4.0 grams, KCl 0.4 gram, 
CaCl, 0.2 gram. Glucose 50.0 grams. 

4 Supplied by Armour & Co. through the courtesy of 
Dr. E. J. Cohn of the Harvard Medical School, Boston. 
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Therapy of “irreversible” hemorrhagic shock 


Nature of therapy 

Dogs 

treated 

Sur- 

vivors 

Remarks 

A. 0.85 per cent sodium 
chloride solution 

75 to 885 ml. per kgm. 

5 

0 

Rise in venous blood oxygenation with rise in blood pressure. Apparent pro- 
longation of life, but all dead within 18 hours of start of therapy. General- 
ized and pulmonary edema, serous effusions, intestinal hemorrhages. 

B. Ringer’s solution with 
glucose and alkali * 

80 to 200 ml. per kgm. 

6 

0 

Looked better while being treated than did dogs in Group A. None sur- 
vived longer than 16 hours after start of therapy. Autopsy findings as in 
Group A. Less pulmonary edema. Livers looked better. 

C. 5 per cent crystallized 
bovine albumin 

80 to 250 ml. per kgm. 
Dissolved in saline 
Dissolved in Ringer’s 
solution with glucose 
and alkali * 

8 

5 

0 

1 

Rise in blood pressure and venous blood oxygen content. Apparent pro- 
longation of life, but 7 died within 24 hours. Pulmonary, hepatic, and 
intestinal congestion and edema. Bloody serous effusion. Hemorrhagic 
intestinal mucosa. Subserosal and subepicardial hemorrhage. General- 
ized bleeding (not controlled in wounds by thrombin). 

D. 25 per cent bovine al- 
bumin in saline 

20 to 89 ml. per kgm. 



Small rise in blood pressure. Little apparent effect on course. Dry tissues 
and serous surfaces. No intestinal hemorrhages (4 dogs). 

Physiologic saline 
given subsequently 

50 to 150 ml. per kgm. 

6 


Addition of saline led to some improvement in blood pressure. Develop- 
ment of wet tissues after added saline. Hemorrhage from wounds with 
rise in blood pressure. All dogs dead within 18 hours after start of therapy. 

E. Succinic acid (neutral- 
ized) 

1 gram per kgm. in 
saline 

13 

i 

0 

Occasional small rises in blood pressure. No improvement in venous blood 
oxygen content. No suggestion that survival time was prolonged. 

F, Sodium bicarbonate 

1 gram per kgm. dis- 
solved in transfusion 
blood 

■ 

0 

Acidosis corrected but poor response to transfusion. All dead within 4 
hours. No striking pathology. 

G. Pitressin 

0.4 to 4.0 pressor units ! 
given fractionally plus 
Ergotamine 0.2 to 0.4 
' mgm. 

13 

10 

0 

0 

(All dogs previously treated in Group E.) Small and brief rises in blood 
pressure. No improvement in venous blood oxygen content. No signifi- 
cant prolongation of survival. Frequent convulsions. Marked blanching 
and contraction of intestines seen at autopsy. All died within 12 hours. 

H. Pitressin 0.5 to 1.0 
pressor units in 5 per 
cent bovine albumin 
50 to 80 ml. per kgm. 

5 

0 

All dead within 10 hours after start of therapy. 

I. Parcdrinc 

20 to 40 mgm. 

6 

0 

Rise in venous pressure with rise in arterial. No improvement in cardiac 
output. Duration of effect limited to about 40 minutes. 

J. Coraminc fractionally 
to 0.25 gram 

4 

0 

Rise in skeletal muscle tonus to rigidity and convulsions. InconsLint ri=c in 
auricular pressure. No improvement in venous blood oxygen content. 
No rise in arterial blood pressure. No clinical evidence of improvement 
(All dogs previously treated in Group I). 

K. Tuaminc 

3 mgm. per kgm. 

6 

0 

InCTcase in arteri.al pressure but no rise in cardbc output. Duration of effect 
limited to 10 to 20 minutes and subsequent injections ineffective. No 
characteristic gross pathologx’. 

L. Pola.ssium phosphate 
solution 

1 to 3 ml. given intra- 
cistcrnally 

4 

0 

Elevation in blood pressure without prolongation of survival time. 


J n duwc nnd alkai;. per liter di-li!lcd w-atcr: NaCI E.S rrzrr.f. XaMCO, 

l.O gram?. KCl O.-S gram, CaCU 0.2 gram, MgCI, 0.2 gram, G'.uewe 50.0 j;ram5. 


iij.irKcd \cnous congestion of lungs, liver, kidney, cfiusions in the plcuml, pericardial, and pjtritor.ea! 
mesentery, and gastro-intestinal tract, and large .<^acs. Many of these cfiusions -.vere gror-rh,' 









































438 


HOWARD A. FRANK, ARNOLD M. SELIGMAN, AND JACOB FINE 


bloody and there were frequent sub-pleural, sub- 
epicardial, and sub-peritoneal hemorrhages. Al- 
though the tissues were wet, the extreme edema 
of saline treated dogs was not seen. 

Group D: 25 per cent bovine albumin in saline 

Ten dogs were given 20 to 89 ml. per kgm. of 
a 25 per cent solution of crystallized bovine al- 
bumin in saline solution. The resulting rise in 
blood pressure was slight and there was little ap- 
parent effect on the shock state. 

Four dogs died without further treatment. At 
autopsy, the tissues and serous surfaces were dry 
and there was no hemorrhage in the intestine or 
elsewhere. 

In the remaining 6 dogs, when it was clear that 
no benefit had resulted from the albumin solu- 
tion, supplementary physiologic saline solution 
was given intravenously, in doses ranging from 
SO to 150 ml. per kgm. Some improvement in 
blood pressure resulted, but all dogs were dead 
within 18 hours of the start of therapy. These 
dogs showed wet tissues at autopsy. With im- 
provement in blood pressure, whether resulting 
from albumin solution alone or following the 
supplementary saline, rnarked bleeding from 
wounds occurred. 

Group E (See Group G below) : Succinic acid 

Thirteen dogs were given sodium succinate (1 
gram per kgm.) in 0.85 per cent saline solution, 
intravenously. Occasional small rises in arterial 
blood pressure followed these injections, but no 
rise in venous blood oxygen content was observed. 
When the results of therapy were clearly disap- 
pointing, further therapy, described under Group 
G, was given. All 13 dogs died without evidence 
that the survival time was prolonged. 

Group F: Sodium bicarbonate 

Seven dogs were given sodium bicarbonate (1 
gram per kgm.) dissolved in the shed blood before 
reinfusion. In several instances, mild hemolysis 
due to the salt was noted. The blood COj com- 
bining capacity showed that acidosis was corrected 
and did not return. The response to transfusion 
plus sodium bicarbonate was poor and all dogs 
were dead within 4 hours after transfusion. 
There was no, remarkable feature in the gross 
pathology of the viscera. 


This is the only group in which the therapeutic 
agent was given before tlie response to transfusion 
alone had been observed. 

Group G (See Group E) : Pitressin and 
ergotamine 

Thirteen dogs which had previously been un- 
successfully treated with succinic acid (Group 
E) were given repeated injections of pitressin, the 
total dose ranging from 0.4 to 4.0 pressor units. 
The injections were followed by small and brief 
rises in blood pressure without improvement in 
venous blood oxygenation. Ten of these dogs 
also received 0.2 to 4.0 mgm. of ergotamine. 
Gfcneralized convulsions were seen frequently. 
There was no evidence of prolongation of sur- 
vival time. All 13 dogs were dead within 12 
hours after the start of therapy. Marked blanch- 
ing and contraction of the intestine were seen at 
autopsy. 

Group H: Pitressin in 5 per cent bovine albumin 

Five dogs were each given 0.5 to 1.0 pressor 
unit, of pitressin, dissolved in 50 to 80 ml. per 
kgm. of 5 per cent bovine albumin. No signifi- 
cant improvement was noted and all dogs were 
dead within 10 hours of the start of therapy. 

Group I (See Group J) : Paredrine {p-hydroxy- 
a-metJiylplienyletliylamine hydrobromide') 

Six dogs were given paredrine in repeated in- 
jections. The total dose was 20 to 40 mgm. 
Rises in arterial and venous blood pressure re- 
sulted but without improvement in cardiac output. 
The pressor effect lasted some 40 minutes and 
subsequent re-injection produced no response. 
All 6 dogs died several hours thereafter. 

Group J (See Group I) : Coramine (pyridine- 
beta-carboxylic acid diethylamide) 

Four dogs which had become unresponsive to 
paredrine (Group I) were given repeated injec- 
tions of coramine, reaching a total dose of 0.25 
gram. An increase in skeletal muscle tone oc- 
curred, culminating in generalized rigidity and 
convulsions following the last injection. The 
doses of coramine just short of producing con- 
vulsions produced inconstant rises in right auricu- 
lar pressure, no improvement in venous blood 



THERAPY OF IRREVERSIBLE HEMORRHAGIC SHOCK 


439 


oxygen content, no rise in arterial blood pressure, 
or any other evidence of improvement. 

Group K: Tuamhie (2-ammophetane sulfate)^ 

Six dogs were treated after transfusion with 
tuamine given intravenously in a dose of 3 mgm. 
per kgm. Of these, 2 were given the drug at a 
time when the blood pressure was still about 90 
mm. Hg, that is, before irreversibility had been 
demonstrated by relapse into shock. The re- 
maining 4 were treated in the usual fashion, after 
the increased blood pressure had again fallen to 
70 mm. Hg. All 6 dogs died. The observed 
effects of the drug were an increase in arterial 
blood pressure, in pulse rate, and in rate and 
depth of respiration ; but no rise in cardiac output 
was observed. The duration of effect was limited 
to 10 to 20 minutes and subsequent injections pro- 
duced no response. The gross post-mortem find- 
ings did not differ from those of irreversible 
hemorrhagic shock treated by transfusion alone. 

Group L: "Potassium phosphate” given intra- 
cisternally ® 

Four dogs were given "potassium phosphate” 
by intra-cistemal injection when shock had re- 
curred after transfusion. An injection of 1 ml. 
resulted in a marked rise in arterial blood pressure 
accompanied by nystagmus, proptosis, and stiffen- 
ing of the neck and back muscles. Subsequent 
injections to 3 ml. produced no further rise in 
blood pressure and were followed by cessation 
of respiration. Doses of 0.3 ml., however, given 
repeatedly elicited responses in blood pressure 
over a period of 1 to 2 hours. The effect on the 
cardiac output was not measured. More e.xten- 
sivc investigation was prevented by the small 
amount of material arailable. All dogs in the 
group died and there was no ewdence that the 
sur\-ival time was prolonged by the treatment. 
Post-mortem examination of the spinal cord and 
brain was not done. 

DISCUSSION* 

Earlier work from this laboratory (2, 3, 4) has 

\Vc arc indebted to Dr. Irvine H. Page for this ina- 
tcri.al. 

* We arc indebted to Dr. Baird Hastings for this ma- 
terial which he obtained on a recent visit to Russia where 
it was said to Iiave l>ecn I'cneficial in ib.e therapy of shock. 
Its exact composition is unknown. 


demonstrated that the failure of transfusion to re- 
store the animal in hemorrhagic shock is not due 
to loss of the restored fluid through abnormally 
permeable capillaries. It has long been clear that 
restoration of normal blood volume alone is in- 
capable of reversing the deteriorating course of 
advanced hemorrhagic shock. The experiments 
herein reported, in which relatively enormous vol- 
umes of 5 per cent bovine albumin were infused 
after the initial transfusion, show that even suffi- 
ciently sustained increases in blood volume (to 
t\vice or three times normal) do not cure hemor- 
rhagic shock which is irreversible to an initial 
blood transfusion. 

Others (5, 6) have considered the problem from 
a simple mechanistic view and presented data to 
the effect that the deteriorating trend in shock in 
any stage can be halted or even reversed by the 
simple expedient of intravenous physiological sal- 
ine solution, provided it is given in sufficient vol- 
ume and for a sufficient length of time with care to 
avoid fatal pulmonary edema. One author ex- 
plained the survival of his animals as due to the 
creation of a sufficiently high interstitial pressure 
to reverse the flow of fluids from out to into the 
circulatory bed. This postulate cannot apply to 
the type of shock which exists in the presence 
of an adequate blood volume and is tlierefore ap- 
plicable only in the special circumstances of his 
experiments. The therapeutic value of tlie saline 
solution is not confirmed by our data on hemor- 
rhagic shock even though the volume of saline 
solution was adequate to acliieve the tissue pres- 
sures demanded by such a postulate. Further- 
more, tlie futility of infusion of relatively huge vol- 
umes of fluids which escape only slowly from the 
circulation (albumin solution) makes it quite clear 
tliat when tliere is no continuing local loss of fluid 
into a damaged area, the shock state, even though 
initiated by a loss of blood or plasma, results in 
the development of changes that are no longer 
reversible by restoration and maintenance of a 
normal or more Uian normal blood volume. 

Certain workers (7) burned dogs by immersion 
in hot water. Dcatli resulted in a few hour.c if no 
treatment was given and survi’.'a! was only slig}:!ly 
prolonged by treatment with saline solution. 
Longer survi\-al was nci’.itvc^i by ‘aline and sod.a 
bicarboratc solution. If plasma was added to tiiis 
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latter therapy, no substantial benefit Avas con- 
ferred. But if defibrinated blood was added, re- 
covery from the immediately lethal elTccts resulted 
until the late secondary effects of tissue damage 
set in. They explain these results as follows: 
Saline solution alone may be expected to be use- 
less since the plasma loss is not compensated for. 
The advantage of adding soda bicarbonate lies in 
its correction of the acidosis and in the supplying 
of additional sodium ion. Plasma given with 
chloride-bicarbonate solution is not effective be- 
cause, they believe, the plasma leaks out too rap- 
idly, not only into the burned area but into other 
tissues, so that not only is blood volume not sus- 
tained, but edema of the brain and lungs “due to 
plasma” will produce lethal effects. Since red 
cells do not leave the blood stream, defibrinated 
blood maintains blood volume Avhile the chloride- 
bicarbonate solution restores normal interstitial 
fluid and electrolyte balance. 

To show that plasma is inferior to blood in 
these circumstances would require the use of 
larger quantities than were given. The assump- 
tion that plasma is futile because plasma leaves 
the circulation very rapidly when the plasma vol- 
ume is normal does not imply that it will leave 
as rapidly when the plasma volume is deficient. 
There is no evidence to show that large quanti- 
ties of plasma pe7‘ se produce edema of the lungs 
or brain. When such edema has been observed, 
it has occurred only when saline has been given 
along with it, and the saline is admittedly a more 
obvious cause of such edema. In numerous ex- 
periments on the treatment of hemorrhagic shock, 
plasma alone was not observed to produce edema 
until the prelethal phase of shock had arrived and 
then only when saline solution was added. In 
these circumstances, edema and bleeding into tis- 
sues were observed also if whole blood was used 
instead of plasma. 

In any event, conclusions drawn from the treat- 
ment of the acute hemodynamic imbalance of 
burns by these agents are not valid for simple 
hemorrhagic shock, since our therapy for the lat- 
ter condition included the use of whole blood plus 
saline and soda bicarbonate (plus other normal 
electrolytes) with no appreciable benefit. More- 
over, tlie infusion of large amounts of albumin or 
blood with saline or Ringer’s solution containing 


alkali leads to uncontrollable hemorrhage in open 
wounds and in the intestine. 

Since the restoration of normal circulation is a 
prerequisite to recovery of tissue function, one 
may take as early evidence of recovery from shock 
— aside from restoration of normal blood volume 
— a rise in cardiac output, an acceleration of capil- 
lar^' flow, a rise in oxygen content of the mixed 
venous blood, and a rise in blood pressure. Such 
changes are readily achieved during the early 
shock phase while it is still reversible to trans- 
fusion. Such changes also are achieved readily 
in the late phase of shock by the intravenous in- 
fusion of almost any compatible fluid. But these 
changes do not persist after the infusion has 
stopped or even while the infusion is continued. 
Since this is the case even if the blood volume re- 
placement is adequate, the critical deficiency must 
be elsewhere within or outside the circulator}' ap- 
paratus. 

Evidence has been provided (8) of declining 
myocardial efficiency in the late sliock phase. Re- 
cently, another worker (9) identified by ballisto- 
graphic observations on the exposed heart a meas- 
ure of cardiac weakness which was not reversible 
by any known methods of therapy except certain 
aliphatic amines (“one-amine,” “tuamine,” etc.) 
with specific myocardial stimulating qualities. In 
6 experiments with our technique of determining 
irreversibility, tuamine produced no rise in cardiac 
output or other beneficial response except a tran- 
sient rise in systolic pressure. The effect of tu- 
amine was analogous to that of paredrine. Our 
experiments differed from those mentioned above 
in that there the drug was given with or imme- 
diately after transfusion, whereas we withheld the 
drug until the response to transfusion alone could 
be determined. 

The fault in the circulation in shock has been at- 
tributed (10) to a loss of skeletal muscle tone with 
consequent failure of venous pressure and return 
flow. Paredrine constricts arteries and veins and 
raises pressure in both (11). But improved blood 
flow does not result, as cardiac output measure- 
ments (11) and capillary microscopy of omental 
vessels ’’ indicate. The evidence does not contra- 


^ Unpublished data. 
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diet the above postulate, which can only be tested 
by an agent which maintains unrestricted capillary 
inflow while increasing venous pressure. Cora- 
mine increases intramuscular pressure (12). In 
our experiments with coramine, skeletal muscle 
tone was increased to the point of extreme rigidity 
without improving blood flow. A more desirable 
physiological technique to test the hypothesis 
would provide for alternating contraction and re- 
laxation of muscle. 

Some authors (13) believe that the primary de- 
ficiency lies in the collapse of the contractile power 
(vasomotion) of arterioles and venules, which in 
late shock lose their reactivity to adrenalin. While 
no specific agent capable of restoring vasomotion 
has become available, the favorable response re- 
ported by them (14) from the use of pitressin 
with and without ergotamine was not substanti- 
ated by our experiments. They gave these agents 
with the first transfusion as well as subsequently. 
As already stated, we do not regard this method 
of testing the efficiency of any agent on the course 
of the shock state as valid unless it is given with- 
out transfusion or after the transfusion is shown 
to be ineffective. 

While the critical deficiency in late shock may 
lie in an altered physiology of the circulation in- 
dependent of controlling factors from outside of 
the circulation, it is natural that such controlling 
factors should also come under scrutiny, since the 
effect of inadequate blood flow is all-embracing. 
Ample evidence of serious disturbance of kidney 
(15), liver (16, 17), and intestinal (18) function 
and of e.xtcnsive biochemical abnormalities, espe- 
cially in intermediar)' carbohydrate metabolism 
(19), is available. Certain investigators (15) 
have succeeded in defining the limits of anoxia 
which the kidney can endure before irreparable 
damage to function results. But the effects of 
loss of kidney function, while capable of oiusing 
death within a few days, arc not, as far as is 
known, operative within the shock period. Col- 
lapse of liver function might well result in ir- 
retrievable effects and death within the shock pe- 
riod. This problem is now under intensive inves- 
tigation. Wc have found in work to be published 
from this I_aborator\- (17) that the maintenance 
of the circulation of the liver of the dog in shock 


by cross circulation with a healthy donor animal, 
prevents the development of “irreversible” hemor- 
rhagic shock under experimental circumstances 
similar to those described in this report. 

Uncompensated acidosis has long been known 
to persist in the untreated late shock phase and 
the alkali therapy introduced (20) during the first 
World War has most recently been recommended 
by others (21), who attribute to sodium bicar- 
bonate the capacity to reverse and to cure a de- 
gree of shock not amenable to transfusion alone. 
They accept as a test for such a degree of shock 
not the fact of a futile transfusion already given, 
but a COo combining capacity of 15 volumes per 
cent or less. Such a test, if reliable, would be of 
great value. Our experience is that irreversibility 
to transfusion can exist with CO™ values higher 
than 15 volumes per cent. Indeed, in most experi- 
ments, we found it difficult to keep the animal 
alive long enough to achieve a level as low as IS 
volumes per cent, \\niether our use of morphine 
accounts for this difficulty remains to be deter- 
mined. However, if care was taken to correct 
acidosis with the initial transfusion and to main- 
tain a normal or higher than normal CO- combin- 
ing capacity thereafter, the deteriorating trend was 
not noticeably alleviated. 

The anoxia of shock, as anticipated, has been 
found to alter the normal sequence of reactions in 
carbohydrate metabolism. Phosphorj’lation of co- 
enz^Tnes (cocarbox}4ase and cozymase) essential 
in carbohydrate breakdown and resynthesis is seri- 
ously affected (22, 23). The lack of substrates 
normalty available for cnerg}' release has led to 
efforts to replace them by others present in tissues 
but not necessarily serving this purpose, c.g., suc- 
cinic acid. When some workers (24) showed that 
this substance in vitro increases o.xygen consump- 
tion of tissue slices at low o.^ygen tensions, others 
(25, 26) reported substantial irnprove.ment in the 
shock state as a result of its administration. We 
were unable to substantiate these claims in tourni- 
quet shock (27) or in hcmorrliagic shock (Grouji 
E). Recently, it has been found ('2S. 29) ti’.at the 
increaseti oxygen consumption at lo-.v oxygen ten- 
sions is prc'duced by succinic acid at the cxper.'c 
of the tissue ai'.d to th.al extent .'■urcinic acid can i/c 
regarded as deleterious rath.cr than h.clpiu!. 
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The tolerance of the organism to. hemorrhage, 
when the latter is induced by the withdrawal of 
blood by simple needle puncture of a large arteij’ 
in the intact unanesthetized and unimmobilized 
dog, contrasts sharply with that of the dog anes- 
thetized, immobilized, cannulated, and otherwise 
traumatized. This points up the need of excluding 
as far as possible all extraneous factors, if the 
shock due to hemorrhage alone is to be properly 
evaluated. The more such factors are eliminated, 
the more difficult it becomes to produce irreversi- 
bility to transfusion, which is achieved by prolong- 
ing the time and increasing the degree of hypo- 
tension. Our experiments approached the ideal of 
simplification only very approximately, for we 
used morphine and open wounds and a consider- 
able degree of immobilization in order to obtain 
essential data not otherwise possible. The factor 
of sepsis is, however, of dubious import, because 
of the absence of pathological evidence of its pres- 
ence in these experiments, and because the experi- 
mental period seems too short for the production 
of significant amounts of bacterial toxin. Even if 
bacteremia is common in these circumstances, it 
remains to be shown that the kind of organisms 
and their number and their virulence were of suf- 
. ficient consequence during the period of experi- 
mentation to have influenced the results. Reduced 
to the simplest conditions it is possible to achieve 
experimentally, we believe that the course of 
events in hemorrhagic shock leading to the devel- 
opment of a state of irreversibility to transfusion 
is a function of the severity and duration of in- 
adequate capillary flow, with a cumulative adverse 
effect on the integrity of function of one or more 
vital organs, such as the liver, or of a basic bio- 
chemical process dependent on cellular integrity 
over a wider area. 

The almost immediate precipitation of typical 
traumatic shock by a potent toxin (30) without a 
significant fall in blood volume represents a con- 
dition analogous to that of the animal in hernor- 
rhagic shock which is irreversible to transfusion. 
Shock due to such a toxin may be regarded merely 
as a variant of hemorrhagic shock in the sense that 
the disruption of cellular integrity is effected im- 
mediately by a toxin rather than gradually by the 
progressive effects of anoxic damage. 

Objections have been made to our employing as 


a test of irreversibility the failure of the transfu- 
sion of all shed blood to reverse the course of the 
shock process, because, when such a transfusion is 
given, some dogs will have deteriorated to a 
greater degree than others; that is to say, that 
some will be so to speak “10 per cent dead” and 
others "90 per cent dead” when the blood is re- 
turned. Certainly a more convenient test of ir- 
reversibility would be desirable, but no reliable one 
is available. We could wish for more uniformity 
in tlic degree of deterioration than we achieve, but 
this would be possible only if we had some reliable 
physiologic or biochemical measurement to detect 
the onset of irreversibility. A certain limitation to 
the degree of deterioration is obtained by testing 
the therapeutic agent only in such dogs as show a 
good response to transfusion before relapsing into 
shock. A permanently sustained response to 
transfusion constitutes a therapeutic problem 
which is solved. What we seek is the understand- 
ing of and a method of treating that phase of 
shock which requires something more than blood 
alone to correct it. This is the therapeutic prob- 
lem which is unsolved. Even though the organism 
irreversible to a transfusion is properly character- 
ized as “10 per cent dead” or “90 per cent dead,” 
it is shock nevertheless and it is the kind of shock 
that constitutes the existing challenge in therapeu- 
sis. To use a less rigid criterion of irreversibility 
is to accept a less severe test and one, therefore, 
which is not as safe for testing the effectiveness of 
any agent aside from the transfused blood itself. 

SUMMARY AND CONCLUSIONS 

The therapeutic value of various agents for the 
treatment of hemorrhagic shock, which is not re- 
sponsive to the replacement of all shed blood, was 
tested under conditions calculated to avoid or to 
minimize the confusing effects of anesthesia, blood 
sampling, operative manipulations, and other 
forms of trauma. Utilizing the relatively simpli- 
fied set of conditions described the following re- 
sults were observed with the agents tested : 

1. Massive infusions of saline may cause transi- 
tory improvement in circulation but do not cure 
hemorrhagic shock irreversible to transfusion. 

2. Massive infusions of isotonic bovine albumin 
greatly increase the blood volume and may sustain 
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the circulation for a time, but only rarely result 
in recovery. A marked bleeding tendency is pro- 
duced by this therapy. Concentrated (25 per 
cent) bovine albumin solution in equivalent or 
greater protein content is of no benefit, even if 
supplemented by saline solution. 

3. Large volume intravenous infusion therapy, 
using either saline solution alone or albumin in 
saline solution, is harmful by producing marked 
edema of tissues, serous effusion, venous disten- 
tion, and widespread hemorrhage from small ves- 
sels. 

4. Pitressin, with or without ergotamine, is of 
no value. The combination of pitressin with 5 
per cent albumin solution is not beneficial. 

5. Paredrine causes an elevation of the arterial 
and venous blood pressure and no improvement 
in cardiac output. The duration of this effect is 
limited by the rapid development of unresponsive- 
ness to the drug and survival time is not pro- 
longed. 

6. Coramine increases skeletal muscle tone, but 
does not favorably influence the course of events. 

7. The correction of acidosis by the administra- 
tion of sodium bicarbonate with the initial trans- 
fusion does not alter the deteriorating trend of 
advanced hemorrhagic shock. 

8. Sodium succinate is of no benefit in the ther- 
apy of advanced hemorrhagic shock. 

9. Tuamine, given when the initial transfusion 
is failing, causes a transitory rise in blood pressure 
but the effect is brief. Survival time is not pro- 
longed. 

10. “Potassium phosphate” intra-cisternally did 
not alter the deteriorating trend of hemorrhagic 
shock and at the same time produced undesirable 
cerebral excitatorj’ phenomena. 

It is our view that advanced shock constitutes 
a state of progressive deterioration whicli is not 
amenable to the types of therapy now arailable, 
probably because fundamental biochemical changes 
have developed as a result of prolonged deficiency 
of capillary flow. These changes may result from 
injurj- predominantly involving one vital organ, 
such as the liver, or from widespread cellular dam- 
age. 

.\ckno\\lr<!nrr,cn! b dur Martlu Gctdl-trs and 

Mrs. Sl-.ifire S!'.actir,an for technical .atfittance. 
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TABLE I 

Absorplive capacity of jejunal loops in normal dop^s 


Postoperative time ♦ 

Dor No. 30 

Dor No. 31 

Dor No. 33 

hours 


per cent 


5 per cent glucose 
in distilled water 




1.0 

60 


56 

1.75 to 2.25 

42 

45 

50 

3.0 to 3.50 

37 

45 

49 

4.0 to 4.33 

40 


48 

0.85 per cent 
saline solution 




1.0 

17.5 


33 

1.75 to 2.50 

0 

19 

27 

3.0 to 3.50 

14 

13 

26 

4.0 to 4.33 

14 


27 

Water 




1.0 

33 


60 

1.75 to 2.50 

20 

67 

56 

3.0 to 3.50 

20 

54 

43 

4.0 to 4.33 

40 


60 


* Time after preparing loops. Each determination was 
made upon a freshly washed loop refilled with the same 
volume of test material. 


pacity is markedly impaired (Table II). Of 19 
dogs in whom several glucose absorption deter- 
minations were obtained, 18 showed a substantial 
and progressive decrease in glucose absorption as 
shock deepened and as the blood pressure con- 
tinued to fall. The nineteenth dog, which was 
among 4 dogs whose blood pressure level was 
above 60 mm. Hg for a substantial period prior to 
transfusion, did not show a decrease. Determina- 
tions of glucose absorption after transfusion were 
obtained in 15 dogs of the series. Of these, 4 
showed some improvement in absorptive capacity 
and a fifth, which also received bovine albumin, 
showed marked improvement. Although the blood 
pressure response was satisfactory in all of these, 
improvement did not occur in others in which this 
response was equally satisfactory. The absorptive 
capacity after transfusion generally declined from 
the initial post-transfusion value, whether the 
blood pressure remained up or declined. 

Absorption of water. Water absorption from a 
•jejunal loop likewise varies considerably among 
unshocked dogs recovering from ether anesthesia 
given for the preparation of loops (Table III). 
The disparity among such dogs is not so great for 
the absorption of water as of glucose. Of 13 dogs 
in which serial water absorption determinations 
were made during hemorrhagic shock, all showed 


a marked decrease in absorption as shock deep- 
ened. Four showed improvement in water ab- 
sorption following blood transfusion and a fifth 
showed marked improvement following an infu- 
sion of 5 per cent bovine albumin. The post- 
transfusion capacity for water absorption was sus- 
tained whether the blood pressure did or did not 
decline subsequently. This is in contrast to the 
continuing decline in the absorptive capacity for 
glucose after transfusion. 

Absorption oj physiologic saline solution. One 
will note the marked difference in the absorptive 
capacity for physiologic saline solution between 
unshocked dogs emerging from ether anesthesia 
and unshocked dogs who had local anesthesia only 
(Table IV). While there are occasional instances 
of decline in the absorptive capacity during shock, 
there is in general no clearly defined effect on this 
function for physiologic saline. Indeed, contrar}-^ 
to the figures for water and glucose, not a few in- 
stances of improved absorption arc noted after 
shock has deepened, only to decline again consid- 
erabl}' as sliock continues to deepen after an in- 
effective transfusion. 

DISCUSSION 

The volume flow of blood through the capillary 
circulation of the intestine in shock is less than 
normal (3) and the rate of flow is also below 
normal, if flow through the mesentery or the 
omentum may be taken as a gauge (4) . This cir- 
cumstance presumably explains the decline in the 
rate of absorption of intraluminal fluids and elec- 
trolytes. The absorption of glucose, however, is 
not a simple diffusion process across a semi- 
permeable membrane (5). Phosphorylation must 
precede its absorption. That phosphorylation is 
disturbed in shock because of anoxia has been 
shown (6 to 8) in various organ systems. Since 
deficient blood flow and anoxia coexist in all types 
of shock, and since all organs are involved, includ- 
ing the pancreas and liver which may be unable 
to deliver their normal complement of digestive 
juices and bile, it is not improbable that the ab- 
sorption of almost any normally absorbable food 
and fluid elements is likely to be deficient. 

The absorptive capacity of the small intestine 
in severely bled dogs has been measured (9) and 
similar findings noted except for glucose, tlie ab- 
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TABLE II 


Rate of intestinal absorption of glucose 


NORMAL 

SHOCK 

AFTER THERAFY 

Dog No. 

B.P. 

Absorption 

Duration 

B.P. 

Absorption 

Inter\’al 

B.P. 

Absorption 


mm, Bg 

iier cent 

hours 

mm. Bg 

Per cent 

hours 

mm. Bg 

Per cent 

1 * 

120 

38.3 

2.0 

30 

14.4 




2 * 

110 . 

20.6 

4.0 

SO 

6.5 




3 * 

110 

32.2 

3.0 

65 

25.2 




4 * 

120 

56.0 

3.0 

55 

45.0 

2.25 

80 

26.6 

5 * 

125 

76.0 

2.0 

55 

60.0 

1.50 

100 

42.0 




3.5 

40 

44.0 




7 * 

90 

87.5 

1.5 

70 

37.5 

1.50 

90 

19.9 




3.5 

55 

27.7 




8 * 

95 

84.7 

2.0 

30 

24.5 

2.5 

115 

1 

39.7 

9 * 

100 

53.3 

2.5 

30 

6.5 




10 * 

85 

19.9 

2.0 

SO 

wBSm 

0.5 

85 

8.7 




3,75 

65 


1.75 

alb . i . v . 

75 

8.7 



• 



IHi 

1.0 

90 

26.6 

11 * 

100 

19.2 

2.25 

45 

5.2 

0.5 

90 

5.2 




3.25 

50 

4.6 

1.5 

70 

1.2 




[ 4,0 

30 

0 




12 * 

80 

20.6 

1.0 

65 

22.8 


45 

15.3 




1.75 

60 

12.5 


30 

10.5 




2.5 

45 

20.6 




13 * 1 

100 

47.8 

1.0 

60 

43.0 

1.5 

85 

18.7 


95 

42.6 

2.0 

75 

31.8 

2.25 

90 

12.4 




2.5 

40 

14.8 

3.25 

2 nd trans . 

70 

22.6 







1.0 

90 

8.1 







2.0 

90 

15.0 

14 * 

no 

20.6 

1.0 

75 

23.8 

1.5 

130 

22.0 


115 

15.5 

2.25 

65 

44.3 

2.0 

no 

19.6 




3.0 

60 

48.6 1 




16 * 

90 

14.9 

0.75 

50 

13.1 

2.0 

40 

6 . 6 t 




2.5 

35 

6.6 




17 * 

120 

6.5 

1.75 

45 

0 

0.75 

no 

0 


110 

6.5 




2.5 

30 

6.5 

19 * 

105 

33.2 

1.5 

70 

16.3 

1.75 

105 

27.1 


105 

28.0 



3.75 

85 

21.9 

20 t 

130 

120 

- 

30.8 

26.7 

1.5 

20 

14.0 

1.0 

2.5 

95 

50 

20.0 
t 11.0 

21 t 

wB 

41.5 

1.0 

70 

26.5 

1.25 


25.3 



39.0 

1.75 

50 

12.1 

2.25 


6.5 

32 t 

100 

60.9 

0.75 

•45 

36.4 

0.75 


mat 


100 

57.1 

1.5 

40 

14.0 

1.5 

■■i 

■H 


• Ether ancsthcfin. f Local ancftherli. J Saline and pi:rcr*in i.v. after L'.y.J. 
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TAHLE III 

Rale of ittlcsliml ahsorpliot: of water 


KORMAL 

SHOCK 

AFTr.R THCRArY 

Doe No. 

B.P. 

Absorption 

Duration 

n.p. 

Absorption 

Intcri'.ai 

n.p. 

Absorption 


mm. Hg 

i>er cent 

hours 

mm. Itg 

per cent 

hours 

mm. Ilg 

Per cent 

8* 

95 

77.7 

2.0 

30 

28.6 

2.5 

115 

50.0 

9* 

100 

83.4 

2.5 

30 

33.3 




* 

o 

85 

50.0 

2.0 

SO 

17.9 

0.5 

85 

14.3 




3.75 

65 

14.3 

1.75 
. tII ). i.v. 

75 

21.4 







1.0 

90 

53.5 

11* 

100 

87.0 

2.25 

45 

26.8 

■n| 

90 

0 




3.25 

50 

36.8 


70 

0 




4.0 

30 

20.0 




12* 

80 

63.5 

1.0 

65 

63.7 


45 

66.7 




1.75 

60 

46.7 


30 

53.5 




2.50 

45 

33.3 

mm 



13* 

100 

100 

1.0 

60 

85.8 

1.50 

85 

28.5 


95 

100 

2.0 

75 

50.0 

2.25 

90 

64.2 




2.5 

40 

14.2 

3.25 

2nd trans. 

70 

71.4 







1;0 

90 

56.2 







2.0 

90 

56.2 

14* 

no 

86.5 

1.0 

75 

60.0 

1.5 

130 

8.6 

115 

76.5 

2.25 

65 

7.9 

2.0 

110 

10.0 




3.0 

60 

7.9 




16* 

90 

100 

0.25 

50 

33.2 

2.0 

40 

ot 



2.50 

35 

6.7 



17* 


90.0 


70 

43.3 

0.75 

no 

23.3 


66.6 


45 

33.3 

2.50 

30 

26.5 

18* 

100 


1.0 

60 

50.0 

1.0 

no 

25.0 


100 


2.0 

40 

25.0 




19* 

■ai 

66.0 

1.5 

70 

0 

1.75 

95 

6.7 



33.0 




3.75 

1 

50 

6.7 

20t 

130 

80.0 

1.5 

20 

30.0 

1.0 

95 

0 

120 

55.0 




2.5 

50 

5.0 

21t 

130 

80.0 

1.0 

70 

10.0 

1.25 

120 

10.0 

140 

50.0 

1.75 

SO 

10.0 

2.25 

120 

0 

32t 

100 

92.6 


45 

57.4 


100 

40 

100 

92.6 

■■ 

40 

20.0 

1^1 

100 

40 


* Ether anesthesia. t Local anesthesia. f Saline and pitressin i.v. after blood. 


sorption of which was found uninfluenced by the 
hemorrhage. These experiments are not strictly 
comparable to ours, since no effort was made to 
produce a sustained state of shock ; in addition, 
only one posthemorrhage determination was made 
while we made successive absorption tests as shock 
continued. The relative ease of absorption of 
physiologic saline after hemorrhage was first noted 


by these workers and we are able to confirm this 
finding. The explanation for this finding may lie 
in the greater need for physiologic saline in shock 
than for water or isotonic glucose and in the small 
amount of work and therefore lower peripheral 
circulatory efficiency required for its absorption 
than for the absorption of water or glucose solu- 
tion. 
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TABLE IV 

Rate of ■intestinal absorption of saline 


NORMAL 

SHOCK 

AFTER THERAPY 

Dog No. 

B.P. 

Absorption 

Duration 

B.P. 

Absorption 

Interval 

B.P. 

Absorption 

8* 

mm. Bg 

95 

per cent 

• 70.0 

hours 

2.0 

mm. Hg 

30 

per cent 

32.1 

hours 

2.5 

mm. Bg 

115 ' 

per cent 

39.7 

10* 

85 

14.7 

2.0 

1 

50 

20.3 

0.5 

1.75 

alb. i.v. 
1.0 

85 

75 

90 

9.1 

7.6 

11.9 

11* 

100 

0 

2.25 

3.25 

4.0 1 

45 

50 

30 

22.8 

17.1 

10.6 

0.5 

1.5 

90 

70 

20.3 

8.9 

12* 

80 

6.5 

1.0 

1.75 

2.5 

65 

60 

45 

18.7 

25.9 

27.6 

0.75 

1.5 

45 

30 

2.4 

10.6 

13* 

100 

95 

15.9 

8.8 

1.0 

2.0 

2.5 

60 

75 

40 

14.2 

0 

0 

1.5 

2.25 

3.25 

2nd trans. 
1.0 

2.0 

85 

90 

70 

90 

90 

0 

0 

0 

10.7 

7.9 

14* 

no 

115 

0 

11.7 

1.0 

2.25 

3.0 

75 

65 

60 

20.1 

17.6 

3.4 

1.5 

2.0 

130 

no 

5.9 

65.6 

16* 

90 

45.0 

0.75 

2.50 

50 

35 

43.0 

9.2 

2.0 

40 

ot . 

17* 

120 

no 

0 

4.6 

0.75 

1.75 

70 

45 

14.2 

15.9 

0.75 

2.50 

1 no 

30 

15.9 

9.2 

18* 

100 

100 

17.0 

0 

1.0 

2.0 

60 

40 

6.8 

0 




19* 

105 

105 

0 

1.9 

1.5 

70 

13.1 

^ 1.75 

3.75 

105 

85 

9.8 

1.9 

20t 

■ ■ 


1.5 

20 

17.0 

1.0 

2.5 

95 

50 

8.0 

8.0 

21t 

130 

140 

40.0 

47.5 

1.0 

1.75 

70 

50 

35.5 

25.6 

1.25 

2.25 

120 

120 

6.1 

0 

22t 

120 

120 

27.9 

43.0 

0.75 

1.50 

50 

30 

30.8 

0 

1.0 

2.5 

105 

no 

4.8 

33.3 

23t 

120 

120 ] 

50.7 

19.0 

0.75 

1.50 

70 

40 

23.6 

61.3 

1.0 

3.0 

140 

120 

34.6 

47.8 

24t 

■ ■ 

15.4 

1.7 

0.75 

65 

18.8 




26t 

140 

140 

37.7 
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MARTHA GOLDBERG AND JACOB FINE 


CONCLUSIONS 

In hemorrhagic shock, the small intestine is 
progressively deficient in its absorptive capacity 
for water and isotonic glucose. After transfusion, 
whether effective or not, some improvement in 
this function may be observed, but full recovery 
is not observed within the time interval of these 
experiments. 

The absorption of physiologic saline is not 
clearly affected by the institution of hemorrhagic 
shock until the advanced stage of shock is reached. 

BIBLIOGRAPHY 

1. Whitehorn, J. C., A system of blood analysis. Simpli- 
fied method for the determination of chlorides in 
blood or plasma. J. Biol. Chem., 1920-21, 45, 449. 


2. Benedict, S. R., A method for the estimation of reduc- 

ing sugars. J. Biol. Chem., 1911, 9, 57. 

3. Blalock, A., and Levy, S. E., The cfTcct of hemorrhage, 

intcstin.il trauma and histamine on the partition of 
the blood stream. Am. J. Physiol., 1937, 118, 734. 

4. Fine, J., Scligman, A., and Frank, H. A., Unpublished 

data. 

5. Verrar, F., and McDougall, E. J., Absorption from the 

Intestine. Longmans, Green and Co., London, 1936. 

6. Govicr, W. M., and Grieg, M. E., Personal communica- 

tion. 

7. Alexander, B., The chemical determination of thiamine 

and cocarboxylasc in biological material. J. Biol. 
Chem., 1943, 151, 455. 

8. Furchgott, R. F., and Schorr, E., Phosphate exchange 

in resting cardiac muscle as indicated by radioac- 
tivity studies. J. Biol. Chem., 1943, 151, 65. 

9. Van Liere, E. J., Northup, D. W., and Slccth, C. K., 

The cfTcct of acute hemorrhage on absorption from 
small intestine. Am. J. Physiol., 1938, 124, 102. 
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The development of significant titers of cold 
agglutinins (autohemagglutinins) in most cases 
of primary ^vpma l pne umonia of unknown eti- 
ology ^ (1. 2) was, first noted in this laboratory 
(3) and later, independently elsewhjjre (4 .tQ_6). 
This finding has since been confirmed in other 
cli nics ( 7 . 8) . A few oases of pneumonia are in- 
cluded among the previously reported cases of 
marked autohemagglutination collected from the 
literature in 1 9.37 ( 9) and a detailed study of some 
of the important properties of the cold agglutinin 
was carried out in a case of "diffuse bronchopneu- 
monia” reported in 1 91R_( 1Q). Cold agglutinins 
have also been described in many other conditions, 
notably in association with various blood„dys- 
crasias, liver diseas es, and in allergic and periph- 
eral vascular disorders. Their occurrence even 
in these conditions is still sufficiently rare that 
only individual cases or very small groups of 
cases have been reported by any single observer. 
The only infectious disease in which autoag- 
glutinins have been found with any great regu- 
larity is tryp anosomiasis (11) 

Tiie literature concerning the occurrence of cold 
agglutinins, their nature and properties, and the 
methods for detecting them have been reviewed 
recently (12). Very few reports are available 
of extensive surv’cys of the occurrence of cold 
agglutinins in various infectious diseases with the 
use of standardized quantitative methods. In 
a study of sera from 421 cases of ^•ariou 5 com- 
mon infectious diseases (6) , significant titers were 
found only in cases of primary atypical pneumonia 
and of mumps complicated with orchitis. Many 
of the sera included in that study had been stored 
for several months. Other authors (7, S) ob- 
tained negative results, in 135 and in 13S control 

* Hcrc.if!fr referred to as “atj-p'ca! racnrr.or.ia." 


cases respectively, including normals and persons 
with various infections other than primary atypi- 
cal pneumonia. 

The present paper deals with the results of 
tests for cold agglutinins in 1069 cases of a va- 
riety of common diseases particularly those in- 
volving infections of the respiratory tract. De- 
tails concerning the occurrence of cold agglutinins 
in the 200 characteris tic c ases of primary atypical 
pneumonia included among these cases and the 
results of studies of some of the properties of the 
cold agglutinins are left for separate consideration 
in the papers which follow. 

MATERIALS AND METHODS 

Patients. Elxccpt for some of the patients with atypi- 
cal pneumonia from other hospitals, almost all of the cases 
studied were regular admissions to the wards of the 
Boston City Hospital between September 1942 and March 
1944. Control sera included a number of serial speci- 
mens provided by Drs. T. Duckett Jones and Benedict F. 
Massell, from carriers and non-carriers of hemolytic strep- 
tococci, as well as from 6 cases of rheumatic fever. Many 
of these had hemolytic streptococcal infections shortly be- 
fore or during the period when the bloods were being col- 
lected. Many cases were chosen specifically for this study 
as representatives of disease entities, otliers were selected 
because tliey had febrile illnesses of more than a fesv days 
duration while still others were included because they 
were receiving sulfonamide therapy for a week or longer. 
Almost all of the patients with bacterial pneumonias and 
about two-thirds of the remaining cases, other tlian those 
witliout disease, received sulfonamide therapy. The diag- 
nosis recorded in eacli case was arrived at by the auLhors 
after reviewing all of the a\-ailab!e data. 

Both scrum and plasma were use;! in the tests, Ver.ru! 
blood was obtained in mo't ca»es under steri'e preean- 
tions and allowed to clot at room temperature or at 
37° C. The clear serum was then s-parale'l arrl rfm-,-,r-l 
after centrifurati.'n. Some c: t.':e te-ts vse.-e ear.-iel rut 

Lu* urxiillv srrr. v.'crc 

ruM>er stoppereil te*t tulms in a rcfri.gerat' r at £ tv 30' C. 
and the tests were earrim! cut in rr.-e: i-.'ta.nres v.it’-.'ut a 
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TAHLE I 


Cold isoanpjutinitis in various cotidiliotis 


Diacnosis 

M.i.xitiiiim tiler 

ToUl 

Le?i 
tinn 10 

10 

20 

■to 

flO nnd 
over 

Primary atvpical pneumonia, etiology unknown 

! 45 

8 

10 

22 

115 

200 

Probable atypical pneumonia 

1 

1 

1 

5 

2 

3 

11 

No disease: includes 33 carriers and 37 non-carriers of 

■ 100 





100 

hemolytic streptococci 







Pneumonia: Pneumococcal 

143 

5 

1 

1 

1 

151 

Staphylococcal 

32 

2 


1 

2 

37 

Streptococcal 

18 


2 



20 

Other bacterial 

1 

1 




2 

Pneumonia, probably bacterial, etiology not determined 

86 

2 

2 



90 

Acute respiratory tract infections without pneumonia: 







Tracheobronch i ti s 

30 

1 




31 

Pharyngitis, tonsillitis, sinusitis 

59 

1 




60 

Clinical influenza 

18 





18 

Influenza (yirus or antibody) 

43 

1 

1 


1 

46 

Tuberculosis: Miliary 

8 





8 

]^monary (positiye sputum) 

12 

1 

1 



14 

wPleural effusion (positive guinea pig) 

n.5-^ 

2 

2 


1 

10 

Others 

2 





2 

Chronic pulmonary infections and tumors 

12 

1 

1 

1 


15 

Sterile pleural effusions (? etiology) 

7 


1 



7 

Bronchial asthma with acute bronchitis 

11 



1 


12 

Burns with lung involvement (including 5 with Iiemo- 

19 

1 




19 

globinuria) 

'<24 






Congestive cardiac failure 





24 

Pulmonary (7) and cardiac (9) infarctions ; 

16 





16 

Enteric and urinary tract infections 

26 

2 




28 

Exanthemata: Rubella 

5 



1 


6 

Measles 

8 

1 




8 

Varicella 

5 





5 

Mumps (3), Pertussis (1), Diphtheria (1) 

5 





3 

Meningococcal (10), pneumococcal (6), influenzal (I),and 

17 


2 



19 

streptococcal (2) meningitis 







Acute rheumatic fever 






16 

Sulfonamide rash (not otherwise included) 

5 




1 

5 

Erythema multiforme (vesicular type) 

13 





13 

Streptococcus viridans (7) and pneumococcal (4) endo- 

11 





11 

Gonococcal infections 

4 

1 

1 



6 

Misc. surgical infections 

19 





19 

Poliomyelitis (1), lymphogranuloma venerum (2), lympho- 

4 





4 

cytic choriomeningitis (1) 




1 



Diabetes (1), periarteritis nodosa (1), hepatic cirrhosis (5), 

ni 





11 

internal hemorrhage (3), thrombophlebitis (1) 



1 




Fever of undetermined origin 

6 





6 

Thrombocytopenic purpura (2), infectious mononucleosis 

7 





7 

(3), acute leukemia (2) 







Hemolytic anemias (no pneumonia) 

1 

1 

1 


4 

7 

Totals (excluding primary atypical pneumonia) 

809 

21 

14 

5 

9 

858 


few days. A number of specimens were obtained as ox- 
alated blood. These were warmed to 37° C. and the 
plasma, separated by centrifugation, was used, for the tests 
on the day it was obtained or on the following day. Serial 
specimens were taken at suitable intervals in most of the 
cases but single samples were obtained in some of them, 
usually during the second to the fourth week after onset 
of the febrile illness. 

The definition of cold agglutinins for purposes of this 
study is the one usually accepted for human bloods. The 


agglutination is independent of the blood groups, is opti- 
mum at 0 to 5“ C., diminishes with rise in temperature, 
and is no longer demonstrable at 37° C. For convenience, 
the tests were done for cold isoagglutinins rather than for 
autoagglutinins which are usually, though not always, en- 
tirely comparable. The erythrocytes in these tests were 
obtained from group “O” donors. A few members of the 
laboratory staff contributed all of the blood used and most 
of the cells were obtained from 3 of these donors. Ox- 
alated blood was washed 3 times in a large volume of 
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saline and a 2 per cent suspension of cells in physiological 
saline was then made and used in the tests. For the pres- 
ent study, almost all of the tests were carried out with 
cells that were 2 to 4 days old. 

The tests jor cold agglutinins were carried out as fol- 
lows : Serial 2-fold dilutions of serum or plasma in saline 
were made in 0.5 ml. amounts in 100 X 11 mm. test tubes. 
In most of the early tests, the first dilution was 1 : 2 but 
in the later ones it was 1 : S. Equal volumes of 2 per cent 
cells were added, the tubes were shaken thoroughly, and 
stored in a refrigerator overnight. The racks of tubes 
were usually placed in an ice water bath before the read- 
ings were made. In reading the tests, the tubes were rap- 
idly inverted 3 times to loosen all of the cells from the 
bottom of the tube and to allow thorough mixing. The 
agglutination was graded from 4 + to 1 -h, the former 
representing a single hard clump of cells not broken up 
on mixing while the latter indicated a finely floccular ag- 
glutination, easily visible without magnification. Finer 
agglutination, visible only with the aid of a magnifying 
lens (±), was noted but not considered in the values 
recorded. The titers are recorded as the reciprocal of 
the highest final dilution of serum giving 1 + agglutina- 
tion. 

After the readings were made in the cold, the racks 
of tubes were placed in a water bath or incubator at 
37° C. for 2 hours. All the positive agglutinations re- 
corded in these studies were completely reversed by this 
procedure, 

RESULTS 

A summary of the maximum titers obtained in 
the 1069 cases of various diseases is given in Table 
I. It is seen at a glance that two groups of cases 
stand out from among all the others. They are 
the cases of atypical pneumonia and those of 
hemolytic anemia. Of the 200 characteristic cases 
of atypical pneumonia, 137 or 68.5 per cent had a 
ma.ximum titer of 40 or higher. The cases listed 
as "probable atypical pneumonia” each had a simi- 
lar characteristic clinical course but either the lung 
lesion had already cleared when the first speci- 
men of Wood was obtained, or the historj- and 
physical signs were characteristic, but the x-ray 
was negative, or complicating factors such as 
congestive heart failure or superimposed bacterial 
infections made the interpretation of the pul- 
monary findings uncertain. All of these cases 
had cold agglutinins, but a titer of 40 or higher 
was obtained in only 5 of them. 

Among the cases other than those of atypical 
pneumonia, cold agglutinins were found in the 
greatest fre<p;cncy and highest titers in the 


hemolytic an emias. Significant titers were ob- 
tained in 4 of 7 such cases and low titers (10 or 
20) were obtained in 2 of the others. The bloods 
in all of these cases rvere studied by Dr. T. Hale 
Ham in considerable detail. A few of the sig- 
nificant facts in the 4 cases with the high titers 
may be noted. 

The first of these was in a colored man of 35 who w'as 
first studied by Dr. Ham in 1939. At that time he had 
a Lederer’s type of acute hemolytic anemia with cold 
agglutinins in a titer of 160 (1 +) and strong (2 or 3 -h) 
agglutination in the lower dilutions. The patient had 
latent syphilis at the time and more than 2 years later he 
was treated in the hospital for luetic meningitis, but his 
anemia had cleared by then and he no longer had cold 
agglutinins. 

The second patient was a colored man, 45 years old, 
who was first admitted on February 12, 1943, and was 
found at that time to have hypertensive heart disease, 
syphilitic laryngitis, and an acute upper respiratory tract 
infection. At this time, the patient may have had atypi- 
cal pneumonia which was not recognized because of the 
other findings. No abnormal blood cytological findings 
were made out during this admission and tests for cold 
agglutinins were not done. On March 11, 2 weeks after 
discharge, he was readmitted because of hemoglobinuria 
and severe anemia. The cold agglutinin titer was 1280 
on March 11 and dropped to 320 during the next 6 weeks. 
The agglutination was marked (3 + and 4 -f ) in all but 
the highest dilutions. The anemia improved and the pa- 
tient was discharged but he again returned 2^ months 
later, at which time he died of congestive heart failure 
without a recurrence of the anemia. The cold agglutinin 
titer at this time, however, was 2560 (2 +) and again the 
agglutination was very marked (4 + and 3 +) in all but 
the highest dilution. 

The third case was that of a woman, 45 years old, who 
had long suffered from cold urticaria and hemoglobinuria. 
In this case, too, the cold agglutinin titer was 2560 wit!) 
marked agglutination occurring in all but the last dilu- 
tion of scrum. 

The fourth case was in a colored man of 34 who de- 
veloped a marked acute hemolj-tic anemia on the sixth day 
of treatment with sulfanilamide for acute glomcnilar 
nephritis and streptococcal phaiyngitis. Cold agglutinin 
titers of 40 and 80 were obtained in 2 samples of serum 
on the day after the anemia and hemolysis occurred and 
after the sulfanilamide was discontinued. Three v.eeks 
later, the titer was still 60. Strong agghutination (3 -r- 
and 2 -r) occurred in the 1 : 10 and 1 : 20 dilutions in caeJt 
instance. 

In all of these 4 cases, there was ir,crca>ed oTtr-tie 
fragility of the red blood cells (only a tlirl.t i-.rrea-e v.as 
demonstrated cn t!;e first day in the !a<t case rr.er.t:'.*-— 1 ). 
the Donath-Lar.stciner and acid htmelysi! tests (Id) v.tre 
negative, and tlie cold aegiutiration wa' C'rr;;ls*.tly ab l- 
I'lit-i at 37' C. 
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Among the remaining 851 eases, only 10, or 1.2 
per cent, had cold agglutinins in titers of dO or 
higher. A few pertinent remarks concerning the 
illness and the course and character of the cold 
agglutination observed in these eases arc also of 
interest. There were 5 s_uch cases among those 
listed as bacterial pneumonias. 

One of these eases was in a man 42 years old, who had 
an abrupt onset of typieal lobar pneumonia on March 2, 
1943, without antecedent upper respiratory tract infection. 
He was admitted on the following day and received full 
doses of sulfapyrazine for 6 days. His temperature fell 
to normal on the second day, only to return almost to the 
original level of 104° on the following day and the fever 
persisted until the tenth day. During this time, there were 
physical and x-ray signs first of frank consolidation of 
the left upper lobe and then of atelectasis of that lobe fol- 
lowed by extension of the consolidation to the lower lobe. 
The leukocyte counts varied from 27,000 to 11,000 during 
the febrile course. Type 7 pneumococci predominated in 
cultures of the sputum obtained at entry and repeated 
'blood cultures were negative. A cold agglutinin titer of 
40 (1 +) was obtained on the seventh day and a slightly 
stronger agglutination (2 4-) was noted only in the 1 : 10 
dilution of the same serum. The second case was one of 
a type 7 pneumococcal pneumonia with negative blood 
cultures, leukocytosis, and a good response to penicillin. 
A titer of 160 was obtained both in acute-phase and con- 
valescent sera. The patient had' a severe cough for 3 
weeks prior to the abrupt onset of the lobar pneumonia. 

In the other 3 cases, staphylococcus aureus was the only 
or predominant organism. The first of these was in a 
woman 22 years old whose illness began on September 
22, 1943, and was characterized by chilliness, substernal 
and right lower chest pain, cough, and purulent sputum. 
There were physical and x-ray signs of dense consolida- 
tion of the left lower lobe and possibly of fluid, but the 
latter was not demonstrated by thoracentesis. Sputum 
and blood cultures obtained on the fifth and ninth days 
were positive for hemolytic staphylococcus aureus. The 
leukocyte count stayed between 8500 and 9400 throughout 
the febrile course. There was gradual improvement in 
the fever and symptoms on sulfamerazine therapy. Drug 
therapy was discontinued after 10 days because of the 
occurrence of a rash and fever. The cold agglutinin titer 
was 40 (2 4-) on the fourteenth day and 80 (2 4-) on the 
twenty-first day. The early clinical course in this case 
strongly suggested that of a primary atypical pneumonia 
with superimposed staphylococcal infection. 

In the second case of staphylococcal pneumonia there 
were a number of complicating factors. The patient was 
a woman 56 years old who was admitted on February 10, 
1943, with a variety of symptoms which, together with the 
physical and laboratory findings, were interpreted as those 
of cirrhosis of the liver and chronic lymphogranuloma 
venereum. There were scattered medium moist rales, and 
x-rays showed fine miliary nodular areas of density 


throughout bolii lung fields. The patient had a per- 
sistent low grade fever and leukopenia. .She also had an 
active osteomyelitis of a finger and staphylococcus aureus 
septicemia. The pulmonary lesions persisted throughout 
her stay. She died after 7 weeks in the hospital and au- 
topsy was not obtained. On 2 occasions in the middle of 
her hospital course, her blood showed cold agglutinins in 
a titer of 80 (1 4-) with somewhat stronger agglutination 
(2 4-) in all the lower dilutions. In this case, also, the 
possibility that the pulmonary lesion began as a primary 
atypical pneumonia cannot be entirely excluded. 

The last case among the pneumonias was in a man of 
64. He was admitted in October 1943 on the third day 
of an illness which began with ciiills, diarrhea, headache, 
pleuritic pain in the left lower chest, dyspnea, and cough 
productive of grossly bloody sputum. He had had a slight 
coryza 3 days prior to the onset of these sj'mptoms. 
There were physical and x-ray signs of consolidation of 
the left lower lobe. The leukocyte counts ranged between 
3000 and 7100. Staphylococeus aureus predominated in 
cultures of the sputum, and the blood cultures were all 
negative. On sulfamerazine therapy, the patient’s tem- 
perature dropped in 2 days from 102.8 to about 100° F. 
and a low grade fever persisted for another week. In this 
case, a cold agglutinin titer of 40 (1 -r) was noted on the 
sixteenth day but there was no stronger agglutination ob- 
served in any of the lower dilutions of the same serum. 

One patient with tuberculous pleurisy with effusion had 
cold agglutinins. He was a man of 40 who had had a 
slight cough for a year until one week prior to his entry 
on February 22, 1944, when he began to have chilly 
sensations, sweats, and substernal pain. Characteristic 
fluid was obtained which yielded tubercle bacilli on guinea 
pig inoculation. Fever reaching 102° F. daily persisted 
throughout his hospital stay, during which he received 2 
courses of sulfapyrazine therapy. The cold agglutinin 
titer before sulfonamide therapy was started was 80 
(14-) with somewhat stronger agglutination (2 4-) in 
the lower dilutions. After the first course of sulfapyra- 
zine, the titer was 40 (1 -f). In this case, too, the early 
symptoms preceding the onset of the effusion suggest the 
possibility that the patient had atypical pneumonia which 
activated a pre-existing tuberculosis. Similar reactiva- 
tion of tuberculosis has been observed in this clinic fol- 
lowing definite influenza virus infections. It is of interest 
that all 4 of the other cases of tuberculous pleurisy with 
effusion which were studied showed some cold agglutinins 
in titers of 10 and 20. In each of these cases, however, 
the agglutination was weak (1 4-) even in lower dilu- 
tions. 

One patient with a proved carcinoma of the lung had a 
cold agglutinin titer of 40. In this case, however, the 
agglutination was weak (1 4-) in, all the dilutions that 
were tested. The patient’s symptoms consisted of cough, 
bloody sputum, anorexia, and loss of weight. Signs of 
fluid predominated in the affected side of the chest and 
characteristic bloody fluid was removed and shown to 
contain tumor cells. 

The case of rubella was a typical one with a slightly 
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prolonged febrile course. Cold agglutinins in a titer of 
40 (1 +) were demonstrated in serum obtained several 
days after the fever and rash had subsided. The aggluti- 
nation was somewhat stronger (2+) in the lower dilu- 
tion of the same serum. There was no clinical evidence 
of pneumonia in this case except for a slight cough. 

The patient with bronchial asthma was a man of 70 
who was admitted February 24, 1943, two days after the 
onset of an acute tracheobronchitis. There were scattered 
crepitant as well as musical rales throughout the chest 
and physical and x-ray signs of bronchiectasis and of 
patchy bronchopneumonia in both lower lobes. He had 
a febrile course of 11 days in spite of sulfadiazine ther- 
apy. Blood taken on the eighth day had a cold agglutinin 
titer of 40 (1 +) and the agglutination was weak (1 +) 
in the lower dilutions as well. 

The cases of influenza are of special interest. 
Of the 64 cases studied, all except 2 of those from 
which virus was isolated occurred during the 
course of the epidemic in December 1943 and 
early in 1944 (14). Serial samples of serum 
were tested in most of these cases. In 2 cases, 
there was weak cold agglutination ( 1 + ) in titers 
of 10 or 20 and the same titers were observed in 
all the sera from each case. In only onexase did 
cold agglutinins develop to a significant titer. 

This case was in an intern who had the characteristic 
symptoms of clinical influenza which began February 26, 
1944, several weeks after the peak of the influenza epi- 
demic in Boston. He had been in Minnesota during the 
previous November and December when the epidemic of 
influenza was at its height there but he had no symptoms 
at that time. His clinical course was characterized by 
daily swings in temperature from normal to 101° F. for 
4 days, with cough and headache throughout this time. 
There were a few scattered fine rales heard only in his 
right lower lobe for several days but repeated x-rays re- 
vealed no abnormal findings in the lungs. The leukocyte 
counts remained normal throughout his course. A few 
pneumococci, Type 28, were obtained in cultures of throat 
washings obtained for virus studies on the day after the 
onset. These washings were injected intranasally in mice 
and into the allantoic sac of 11-day chick embryos and 
readily yielded a virus which had many of the cliaractcr- 
istics of an influenza virus but it differed serologically 
from typical strains of both A and B influenza viruses. 
This strain is now iKing studied further. No rise in anti- 
bo<lics to either the PR8 (type A) or the Lee (type B) 
strains of influenza could l>e demonstrated by cither the 
complement fixation or the agRlutination-inhihition 
(Hirst) tests and no rise w.as demonstrated by the latter 
test against his own via:s.* The sera obt.air.ed on the 
second and ninth days showed no cold agglutinins but 
those of the sixtccr.th and ihiny-second days liad titers of 

•This p.-.t!cr.t is listed as Case (>$ in referente 14. 
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20 (2 -}-) and 80 (2 +), respectively. Such titers have 
been obtained at corresponding stages of the disease in 
many characteristic but mild cases of primary atypical 
pneumonia. 

From the data presented, it is apparent that 
among the cases other than those of hemolytic 
anemia, some at least may have had atypical pneu- 
monia. In them, either positive x-ray signs were 
not made out or the symptomatology and physical 
signs were obscured by those of other coexisting 
diseases. Even in one of the cases of hemolytic 
anemia, — ^the one which was complicated by 
syphilis and hypertensive heart disease, — the ap- 
pearance of or increase in cold aggl utinins may 
very well have resulted from the acute respiratory 
infection which occasioned the first entry. This 
infection, in turn, had many characteristics of 
atypical pneumonia, but, unfortunately, studies 
with this in mind were not made until tbc paHent 
was readmitted later with hemoglobinuria and 
anemia. In fact, x-rays taken for other purposes 
during the first admission showed suggestive 
lesions in the lungs which had been overlooked. 
The signs of atypical pneumonia, if that is what 
he had, were completely overshadowed by those 
of syphilitic larj'ngitis and congestive failure. 

DISCUSSION 

The data presented indicate quite clearly that 
significant titers of cold agglutinins, demonstrable 
by the method used, are fnimd infrequ ently in 
nor mal indi viduals and in patients with res- 
piratory or other infectious diseases c.xcept in 
cases of primary atypical pneumonia and in cer- 
tain types of hemolytic anemia. Indeed, in some 
of the few other cases in which similar titers of 
cold agglutinins were demonstrated, the possibility 
of recent or coexisting atypical pneumonia could 
not be entirely ruled out. In fact, a detailed re- 
view of the other cases in which cold agglutinin 
titers of 10 or 20 were found in this study showed 
a similar likelihood of the coc.xistcncc of atypical 
pneumonia in many of them. From the lite.rature it 
would appear that only in cases of trypanosomiasis 
have cold agglutinin.s i>cen cncountcrt;! wit'n t'r.c 
same regularity.’ Funhcnnorc, a careful study of 

» A high iurit-n-c c.f c-V! zzzknwwj V-n r'p u-t 
recently in czw? c; trc-^lzat 06 ) iT-.-.g 

Mtkmr’kn r.z;ivf-<. ir: rr-'-t-r-'r zfrz« 07>. 
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the previously reported cases of marked auto- 
hemagglutination suggests that many of them may 
have had pulmonary infections similar to those 
which are currently being classified as atypical 
pneumonia. Favour (.15), however, found cold 
agglutinins more frequently in .other conditions. 

At this time, it is still reasonable to say that 
no single specific etiological agent has as yet been 
identified in cases of primary atypical pneumonia 
and consequently no reliable immunological test 
based on such a specific etiological agent is avail- 
able for the definite identification and classification 
of such cases. The development of cold ag- 
glutinins may, therefore, serve as a helpful diag- 
nostic aid in these cases until such agent or agents 
are discovered. At least the development of cold 
agglutinins in patients presenting characteristic 
symptoms and physical and -c-ray eigne may sorvp. 
TO segregate one group of cases among those now 
classified as primary at3'pical pneumonia of un- 
known etiology. It also seems reasonable to as- 
sume that the development of cold agglutinins in 
these cases is related in some way to the unknown 
causative agent. This does not entirely preclude 
the possibility that other cases having the same 
etiological agent may run a similar clinical course 
without developing cold agglutinins and, con- 
versely, that certain other types of etiological 
agents may produce cold agglutinins. The rela- 
tion to the disease or to the development of cold 
agglutinins of the virus isolated from the patient 
who was considered, on clinical grounds, as hav- 
ing influenza is still obscure. 

In this study, the tests for cold agglutinins were 
carried out in each case within a few days of the 
time when the blood was drawn. This is an im- 
portant factor, particularly in sera of low titer 
as will be shown in a later paper in this series. 
Deterioration on storage of the cold agglutinins 
in sera of atypical pneumonias was postulated by 
Horstmann and Tatlock (7) because of the sig- 
nificantly lower titers found by them in sera that 
had been stored for a long time before they were 
tested. 

SUMMARY AND CONCLUSIONS 

Tests for cold agglutinins, using erythrocytes 
from normal group 0 donors, were carried out in 
1069 cases, including normal persons and patients 


with a variety of conditions, mostly respiratory 
tract infections of various sorts. 

Cold agglutinins in titers of 40 or higher were 
found in 137 or 68.5 per cent of 200 characteristic 
cases of primary' atypical pneumonia of unknown 
etiology, in 5 of 11 cases in which this was the 
probable diagnosis, and in 4 of 7 cases of various 
kinds of hemolytic anemia. 

In only 10, or 1.2 per cent of the remaining 
851 cases were cold agglutinins demonstrated in 
similar titer. In some of these 10 cases and of 
the few others in which cold agglutinins were 
demonstrated in lower titers, atypical pneumonia 
may have played a part. 

It is suggested that the development of cold 
agglutinins is related to the causative agent of 
primary atypical pneumonia and may serv'e as a 
diagnostic .aid in this disease. 

The authors arc deeply indebted to the many physicians, 
both at the Boston City Hospital and elsewhere, who 
permitted us to see and follow their cases, obtained the 
blood samples, and made available the clinical and labo- 
ratory data. Dr. T. Hale Ham provided some of the 
sera and studied the blood in the cases of hemolytic ane- 
mia and Miss Geneva A. Daland carried out some of the 
tests in these cases. 
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In the preceding paper (1), there was pre- 
sented a summary of the maximum titers of cold 
agglutinins found in 1069 cases of a variety of 
conditions, including the various infections of the 
respiratory tract that are commonly encountered 
in this vicinity. Significant titers (in dilutions 
greater than 20) were obtained only in cases of 
primary atypical pneumonia of unknown etiologj',^ 
and in a few other cases particularly those of 
hemolytic anemia. The present paper is con- 
cerned solely with an analysis of the results of the 
tests for cold isohemagglutinins in 200 cases with 
characteristic clinical and x-ray findings of atypi- 
cal pneumonia. A preliminary report of some of 
these findings has already been published (2). 

PATIENTS, MATERIALS, AND METHODS 

Selection of cases. All of the 200 cases included in this 
study occurred between September 1942 and January 1944, 
inclusive. Most of them were from among the regular ad- 
missions to the medical wards of the Boston City Hospital 
during this period, but 45 of them occurred in other hos- 
pitals. Almost all of the latter were seen on one or more 
occasions by one of the authors, and the bloods and the 
clinical and laboratory data were obtained and generously 
put at our disposal by their respective physicians. All of 
the cases fulfilled the criteria for the diagnosis of primary 
atypical pneumonia of unknown etiology (3, 4), including 
definite and characteristic x-ray findings of involvement of 
at least an appreciable portion of one lobe. Doubtful cases 
in which either the x-ray or clinical findings were not en- 
tirely characteristic or in which a primary bacterial or 
virus etiology was determined or strongly suspected, were 
excluded for purposes of this study. Fifteen fatal cases 
are included. Autopsies were obtained in most of these 
cases and confirmed the clinical diagnosis in each instance. 

Methods. The method used in the tests for cold ag- 
glutins was given in detail in the preceding paper (1). 
For the present study, the specimens of venous blood were 
all collected under sterile precautions and the serum was 
separated from the clotted blood, either at room tempera- 

1 Hereafter referred to for brevity as atypical pneu- 
monia.” 


turc or, more often, after the blood had been kept at 37® C. 
for a short while. The cleared sera were stored in 
rubber stoppered tubes at 5 to 10° C. Specimens, averag- 
ing 3 per patient, were obtained at suitable intervals. The 
tests were carried out either on the day when the blood 
was obtained or within a few days. Equal volumes of 
serum and 2 per cent saline suspensions of 2- to 4-day-old 
red blood cells from individual group O donors were used. 
The titers are recorded as the reciprocals of the highest 
final dilutions of scrum giving 1 -h agglutination at 0 to 
5° C. and complete dispersion at 37° C. 

RESULTS 

The conditions under which the present cases 
were studied unfortunately did not permit fre- 
quent observations throughout the entire course 
of the acute illness and prolonged observ-ations 
during convalescence in every instance. Data 
concerning certain of the features to be considered 
are, therefore, based on limited numbers of cases. 
In the analysis which follows, the time relation- 
ships are referred to the day of onset of symp- 
toms. In most of the cases, this could be ascer- 
tained quite accurately, but, in a few instances, 
it was only approximated. 

Time of appearance, decline, and disappearance 

The first postitive tests (Figure lA) were ob- 
served between the seventh and twenty-seventh 
days, but mostly during the second or third week. 
The last negative tests in the same cases were 
obtained before the end of the second week in all 
but 2 of them. The maximum titers (Figure 2) 
occurred mostly between the eleventh and twenty- 
fourth days. There were a number of cases, 
however, in which the maximum titers were not 
attained until the fifth week or later, and in 4 
cases, maximum titers of 40 to 160 were observed 
between the fourth and eighth days and lower 
titers obtained later. There was no definite cor- 
relation between the maximum titers and the time 
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they were attained. The first significant drop 
from the maximum titer occurred mostly between 
the third and fifth weeks (Figure IB) and cold 
agglutinins could no longer be found or were 
present in titers of 20 or less between the fourth 
and sixth weeks in most cases (Figure 1C). In 
3 cases, however, significant titers were still 
present after 2 months and disappeared during the 
next month. Titers in representative cases are 
shown in Figue 3. 

Histories of illustrative cases 

Certain relevant features of 2 cases are shown 
in Figures 4 and 5. These cases were in interns 
on one of the medical services and one of them 
may have acquired his disease from the other. A 
summary of their histories follows. 

The illness in Case 32 (Figure 4) began with malaise, 
chilly sensations, fever, headache, and a hard cough which 
increased in severity and was dry at first but later be- 
came productive of yellow mucoid sputum. The lungs 
were dear to physical examination and x-ray at the time 
of admission. After a week, however, showers of fine 
rales appeared in the left axillary region and then spread 
to involve the lower half of that lung. A few rales were 
also heard in the base of the right lower lobe at the end 
of the second week. X-rays showed fine mottling in the 
corresponding areas. Cold agglutinins were first dem- 
onstrated in the scrum in the middle of the second week, 
rapidly reached a maximum titer, and then declined ap- 
preciably towards the end of the fourth week. Agglutinins 
for the indifferent streptococcus 344 (5) first appeared 
at the same time as the cold agglutinins and were pres- 
ent at the end of the fourth week.^ 

Case 58 (Figure S) was that of an intern who cared for 
the previous patient. Sixteen days after his colleague first 
took sick, he began to have marked fatigue, generalized 
aches, fever, headache, and soreness of the eyes, followed 
by cough and a tightness in the chesL Physical examina- 
tion on admission was negative except for the fever. The 
patient then had repeated chills and sweats. Showers of 
medium crepitant rales appeared and spread gradually to 
involve the entire left lung and later the right lower lobe. 
X-rays showed diffuse, finely mottled densities in the cor- 
responding areas. Fever lasted 2 weeks and the lungs 
then began to clear gradually and were entirely clear be- 
fore the patient was discliarged from the hospital. Cold 
agglutinins first appeared in low titer on the ninth day, 
reached their peak during the third week, and then 
dropped rapuily. .Agglutinins for streptococcus 344 were 
found in low titer during th.e third week. Sulforutmidc 
drugs were not used in this case or in tJ)e previous one. 

= Tire results of th.e agglutination tests with t-his st.-ain 
are considered in mere det.-il eUewh.cre (6). 



Fig. 1. Time of Appearance and Disappearance of 
Cold Agglutinins in Primary Atypical 
Pneumonia 

A. First appearance (36 cases) : open bars = last nega- 
tive test; solid bars = first positive test. 

B. First significant (4-jold or greater) drop in titer (52 
cases) : open bars = last observation of the maximum ti- 
ter; solid bars = first test after the drop in titer. 

C. Disappearance (39 cases) : open bars = last test be- 
fore a 4-fold or greater drop in titer to 20 or less; solid 
bars = first test in which the titer was 20 or less (the 
last of these includes 1 case each on days 71, 87, and 93, 
respectively). 

Cold agglutinins in 2 cases with recurrent attachs 
of atypieal pneumonia 

The frequency with wliich recurrent attacks of 
primarj- atypical pneumonia occur is difiicuU to 
determine from the available data. In several 
instances among the present cases, patients were 
admitted for more than one attack of what was 
diagnosed as primarv- atypical pneumonia, but ade- 
quate studies during each of the attacks were not 
made in all of these cases. Two such patient-^, 
however, were studied during iK.tli attacks a:;d 
some of the relevant findings are shown in Figure'. 
6 and 7. A resume o: some of th.e ciinic-a! fc.a’ure'; 
of tliesc c.ases folinv. s : 

Cc:e (Figure 6'. Ti.:' lu.uhm •.-.ni ••.i'. j 
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Fig. 2. Primary Atypical Pneumonia. Maximum Titers in Cases with Cold Agglutinins 
Each dot represents the maximum titer of cold isohemagglutinins in one patient and the time after the onset of 
the disease when that titer was first demonstrated. A short line sloping up to a dot from the left indicates that 
observations of lower titers were made in that case before the maximum titer was obtained. A similar line sloping 
down to the right from the dot indicates that there were subsequent observations of lower titers. Dots without such 


lines indicate single observations or multiple observations 

malaise and vomiting. Later on the same day, and again 
on the following day, she had severe shaking chills. She 
then began to have a cough which was dry at first and 
later increased in severity and became productive of thick 
clear mucoid sputum. She rapidly developed dyspnea 
which increased in intensity and was associated with 
moderate cyanosis. Both the dyspnea and cyanosis were 
markedly aggravated by paroxysms of cough. At the 
time of admission, she appeared to be extremely dyspneic 
and cyanotic and showers of rales were made out in the 
left upper chest both anteriorly and posteriorly. Theie 
were also signs of a well developed mitral stenosis al- 
though tlie patient had been unaware of any heart disease. 
The signs in the lungs spread rapidly so that, within 2 
days, rales were heard throughout the entire chest. The 


of the same titer within a brief period. 

first x-ray on January 9th showed diffuse, finely nodular 
areas of density throughout both lung fields and closely 
resembled the radiographic picture of miliary tuberculosis. 
The patient was given oxygen and during the first 4 days 
in the hospital, she also received sulfadiazine therapy. 
Her course was stormy for the first week and was char- 
acterized by episodes of extreme dyspnea, cyanosis, and 
delirium. There was a low grade fever throughout the 
second week, after the temperature had been normal for 
2 days. During this second week, the lungs began to 
clear and the patient’s condition improved steadily. The 
lungs were essentially clear and the patient was essen- 
tially free of symptoms at the time she was discharged on 
January 29. Cold agglutinins appeared in low titer at 
the end of the first week of illness, reached a peak of 320 
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Fig. 3. Titers of Cold Isohem agglutinins in a Few Representative Cases 
The dotted lines represent the observations made during 2 separate attacks in the same patient (Case 88, see Fig- 
ure 5) ; the lower one on the left represents the titers observed during the initial attack and the upper one to the 
right shows tlie titers obtained during the recurrence. 


after another week, and tlien declined to a level of 20 
at the time of discharge. Agglutinins for streptococcus 
344 were first demonstrated at the beginning of the third 
week in the hospital. 

The patient was readmitted on November 28, 1943. 
During the intervening period, she had several episodes 
of severe dyspnea and cough associated witli frequent 
colds. On November IS, after being free of symptoms 
for several weeks, she developed severe malaise, a slight 
sore throat, generalized aches and pains, and severe head- 
ache. She then again iKgan to h.ave a cough which was 
productive of small amounts of thick mucoid sputum. 
Her coughing spells again made her marketlly dvspneic 
and csanotic. Two days l>eforc entry she noticed a few 
streaks of blood in her sputum. .-\t the time of admission, 
the patient appeared to lx: t-. eu-troeij. She was mark- 
edly ortlicpiiric and cianotic. l,oud, mediiun. anj coarse 


crepitant rales resembling those of pulmonary edema were 
heard throughout botli lungs. .•\n x-ray again showal a 
miliary tyqx: of lesion involving most of l>oth lung fields 
but this time tlierc was slight confluence of the prc-ccss in 
tile upper part of the right lung in the first film hut not 
in tlic later ones. She was again given oxygen and sul- 
fonamide therapy for 5 days after whidi th.e temp>eraturc 
dropped to nomwl, hut a low grade fever «ron recurred. 
During the middle of the second week in th.e ho<pi;.i!. t!;e 
patient developed thrombophlebitis in bjlh lower txtrr.u,!- 
tics and was given a second short course o; tulf'-.amid'- 
therapy. Sh.c again became afehrilc f' r 2 <l.i) s. after 
whicli a low grade fever again re-ru:rr ,h T(.v.a:d< ti.e 
end of the fou.-th week in t.he Jr-'pe..-'. ti.- jr.t:--r.; la! a 
chill followed by a sharp ri'e in t'm.;»-rr.:tue ar.d the le-. 
gar. to lave *larp pain i.u Lhe rirht 5 rr e’.'-it. .S 
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Fig. 4. Relevant Findings in a Characteristic Case of Primary Atypical Pneumonia of Moderate Severity 
Note. In Figures 3 to 6 inclusive, the horizontal scale begins at the time of admission to the hospital. The fol- 
lowing abbreviations have been used : Str. 344 = Streptococcus 344 (the strain of anhemolytic streptococcus de- 
scribed by Thomas et al. (S)). Str. a = streptococcus with alpha hemolysis. Pn.- = pneumococcus (the number 
represents the type). Blood Cult 0 = no growth in ordinary aerobic blood cultures. W.B.C./IOOO = white blood 
cell count in thousands. 


mococcus. Sputum was not obtained until after 2 days of 
sulfonamide therapy and a culture of some purulent spu- 
tum obtained at that time showed hemolytic Staphylococ- 
cus aureus as the predominant organism. The patient im- 
proved after the third day of tliis episode but full doses 
of sulfonamides were continued this time for 11 days. 
Signs of consolidation of the right lower lobe were found 
by physical examination and x-ray during this episode. 
The patient improved and the lungs cleared completely 
before she was discharged on January 4, 1944. Blood was 
first obtained for cold agglutinins at the end of the sec- 
ond week of this attack and a titer of 5120 was found at 
that time. Thereafter, the titer dropped gradually to 80 
in the course of the next 4 weeks. Agglutinins for strep- 
tococcus 344 were found in the first blood in a titer of 80 
but none were demonstrated in later specimens. 


Case 102 (Figure 7). The first admission in this case 
was on April 11, 1943. Ten days previously, this patient 
began to have anorexia, alternating fever, chilly sensa- 
tions, and prostration. On the next day, he had severe 
frontal headache and slight sore throat. His physician 
prescribed sulfadiazine which he took for 4 days witliout 
affecting his symptoms or fever. At the time of admis- 
sion, he was only moderately ill without dyspnea or cya- 
nosis. There were some patchy ulcerations on his tonsils 
and fine diffuse injections of his throat. He coughed fre- 
quently and raised scanty amounts of thick gray mucoid 
sputum. Showers of medium crepitant rales were heard 
over the middle of the left chest anteriorly and in the 
axillary region on the same side. An x-ray taken at this 
time showed a finely mottled infiltration of the middle 
half of the left lung field. The patient continued to have 















COLD AGGLUTININS IN PRIMARY ATYPICAL PNEUMONIA 


463 • 



Fig. 5. Relevant Features of the Course in a Characteristic Case of Primary Atypical Pneumonia of 

Average Severity 

The patient had been intimately exposed to the one whose course is shown in Figure 4 (sec note under Figure 4). 


fever and severe cough during the first 4 days in the hos- 
pital. The fever then subsided and the cough improved 
gradiLilly although the pulmonary process extended to 
involve a large part of the right lower lobe. The clinical 
condition of tlic patient, however, continued to improve 
and the lungs were entirely clear at the time of discharge. 
Cold agglutinins in a titer of 40 were found in the first 
Wood taken on the day after admission which was the 
eleventh day of the disease. The maximum titer during 
this admission was 640 and was obtained one week later 
after whidi the tiler dropped steadily to a level of 40 at 
the time of discharge. Agglutinins for streptococcus 344 
were not demonstrated in the first blood but were found 
in a titer of 40 during the next 2 weeks. Tliis patient v.-as 
a pigeon fancier and lie had raised pigeons fer sem; time 
prior to this illness. He was, therefoee. suspected of lav- 
ing ornithosis. .All of the samples of hii serum were *cnt 
to Dr. Karl F. Meyer for complement fixation tests with 
psitLacosis virus. TIic tests were entirely rerativc. 


The second admission of this patient was on October 
17, 1943. He had been perfectly well from the time of 
discharge until October 3 when he suddenly licgan to k-avc 
a severe hacking cough productive of thick yellow mu- 
coid sputum. Shortly llicrcattcr, he developed suhstemal 
soreness and a sense of oppression in the cliest, jnrlicu- 
larly associated with coughing. He also had a sligiit 
sore throat and headache. Two days before entry, he 
began to have cliilly sensations, gcneraliic*] aches, malai'e. 
slight nausea, and an increate in his fever. Tiie phy tiral 
examination and x-ray of his lungs at tiiis time were es- 
scntially the same as tlKyc found at tiie time o: rarjim 
admission, except tluit a few riles were hmri! in the rinh; 
lung at this time. His 'e'icn ext-m led to ins'l-. e m- -;: t : 
tlic right loucr Ic-V. He rcteive'l sulf'n.tmHe t:.»ta;;, 
during the first 6 days in the h.'^'P'tal. Hit f*--. re i*-!- 1 
on. the third day and liis lungi l>e.-a". to char ly >; e 'T;! 
cf firt* Vv'f'Ctv fn *5.'* •** r-* * ? •. 

pear very r.l rrr did he have ary dysy-m <-r ryar- 
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Fig. 6. Relevant Findings in the Course of 2 Attacks of Primary Atypical Pneumonia in a Patient 

WITH Rheumatic Heart Disease and Mitral Stenosis 

There were no complications during the first attack. In the recurrent attack, the patient had bilateral thrombo- 
phlebitis of the legs during the second and third hospital weeks and Type 8 pneumococcal pneumonia, probably fol- 
lowing a pulmonary infarct, during the latter half of the fourth week in the hospital (see note under Figure 4). 


At the time of discharge, his lungs were entirely clear. 
Cold agglutinins were not found in his blood at the time 
of admission which was considered to be the fourteenth 
day of his illness. They appeared in comparatively low 
titer during the next 10 days and again dropped off in the 
following week. Agglutinins for streptococcus 344 were 
present in all specimens tested. 

Factors hifiaenciiig the occurrence and titers 
of cold agglutinins 

These last cases and the 2 previous ones serve to 
illustrate what has already been said about the 
appearance and course of the cold agglutinins in 
rnost of the cases of atypical pneumonia. The 


impression was gained in the course of observing 
the patients that the occurrence of cold agglutinins 
and the height to which the titers rose was related 
to the severity- of the disease. On the other hand, 
observations in a number of individual cases did 
not seem to bear this out. It was of interest, 
therefore, to analyze the data further with refer- 
ence to the relation of the occurrence and maxi- 
mum titers of cold agglutinins to some of the im- 
portant factors in the disease. First, an attempt 
was made to correlate the maximum titers with 
the general impression of the severity of each case 
as it was gathered from a study of the course and 
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PRIMARY ATYPICAL PNEUMONIA WITH RECURRENCE 


CASE lOa FIRST ADM.: APRIL 11,1943 
MALE, 13 YRS. ONSET: APRIL I 


RECURRENCE- ADM.: OCT. 17, 1943 
ONSET: OCT. 3 



W B C/IOOO 


SPUTUM 


BLOOD CULT 


WEEKS 


Fig. 7. Relevant Features of the Course in 2 Attacks of Atypical Pneumonia in the Same Patient 
There were no complications in this case (see note under Figure 4) . 


symptoms and all other available data. More de- 
tailed analyses were also made of specific features 
of the disease such as the extent of the pulmonar>' 
lesion, the height and duration of the fever, the 
leukoc}-te count, the age of the patient, and the 
administration of sulfonamide drugs. 

Scz’crity oj the disease. Based on the clinical 
findings, an arbitraiy- grading of severity from I 
to V was given to each case. While it may be 
difficult to compare these grades accuratelv with 
the severity of the cases reported by others, this 
grading will sen-c to compare the relative severitv 
in the difTcrent groups of cases in the present 
study. Roughly, Grade I corrcs]>onds to the 
severity of the large majority of the ca.scs whicli 
have been rcjK'itcd by observers among ado- 


lescents and young adults in schools, colleges, and 
most militar)- hospitals. Grades II and III cor- 
respond to the severe or the moderately severe 
among those cases. Grades IV and V represent 
the severest types of cases. The relation of the 
severity of the disease thus graded to the occur- 
rence and the maximum titers of cold agglutinins 
is shown in Table I. 

The 45 cases in which cold agglutinins could 
not be demonstrated and the IS in which tr.cy 
were found in a titer of only 10 or 20 i:;clu'le 
most of the cases in which studies were inade- 
quate. In about two-tinreb c f tl'.em. th.ere v. ere 
no obscr\-ations l>e:wee:! tr.c 12th. and fiCch <lr.v 
of the disease. Si:;ce cold r.gitlutir.ins rn.-iv 
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TABLE I 

Primary atypical pneumonia, Rclatinn of cold 
isohcmagglutinin liter to the severity 
of the disease 


Grade 

of 

severity 

Alaximum cold nRRiutinin liter 

Touls 

Lcs.s 
than 10 

10-20 

•10-80 

160- 

320 

610- 

1280 

2.';60 or 
liiRlicr 

I 

26(20) 

5(2) 

4 

4 

0 

0 

39 

II 

.3(3) 

5(3) 

15 

0 

2 

0 

34 

III 

9(8) 

6 

20 

18 

7 

1 

61 

IV 

6(5) 

1 

3 

15 

14 

2 

41 

V-R 

0 

0 

2 

2 

2 

4 

10 

V-D 

1(1) 

1(1) 

2 

7 

3 

1 

15 

Totals 

45(37) 

18(6) 

46 

55 

28 

8 

200 


R = Recovered. D = Died. 

Parentheses enclose the number of cases with tilers less 
than 20 in which no observations were made between the 
12th and 30th day of tlie disease. 

reach low levels by the end of the fourth week 
after higher levels had been reached earlier, it 
cannot be said for certain that these patients did 
not have cold agglutinins during that interval. 
Omitting these cases, there were only 6 of Grade I 
severity without cold agglutinins and 3 with a 
maximum titer of 10 or 20. Similarly, among 
the cases of Grades II, III, and IV combined, 
there were only 2 without cold agglutinins and 
9 in which the highest titer was only 10 or 20. 
Among the fatal cases, the last observation was 
made on the fifth day in the case without cold 
agglutinins and on the ninth day in the one with 
the cold agglutinin titer of 10. 

Allowing for these facts and for the probability 
that most of the deaths occurred before the maxi- 
mum titers could be attained, there is a definite 
correlation between the severity of the disease and 
the maximum observed cold agglutinin titer. The 
greater the severity of the disease, the greater 
is the proportion of cases in which the cold ag- 
glutinin titer reached, high levels. Omitting fatal 
cases, titers of 640 or higher were not observed in 
any of the cases of Grade I severity; and were 
demonstrated in 6, 13, 39, and 60 per cent of 
those of Grades II, HI. IV, and V, respectively. 

Extent of the pulmonary lesion. In most of the 
cases, the severity of the symptoms were largely 
dependent on the amount 'of lung involved, but 
there were many discrepancies. The relation of 
the maximum titer of cold agglutinins to the 
amount of lung involved, as estimated from the 


ph)'sical and x-ray findings, is shown in Tabic 11. 
There was a close though not complete correlation 
between the number of lobc.s involved and the 
maximum observed cold agglutinin titers. 

The case reported by another worker (7) is of 
interest in this connection. In that case, the 
symptoms were those of a very severe atypical 
pneumonia without abnormal physical signs and 
with x-ray findings consistent with tracheo- 
bronchitis, but no areas of consolidation or in- 
filtration were noted. High titers of cold ag- 
glutinins were noted on the 15th to the 23rd days. 
Other authors (15) also found a titer of 1000 
in a girl who had a severe cough but was afebrile 
and ambulatory and had a negative x-ray. 

Age. From the fact that most of the early re- 
ports concerning the disease now generally recog- 
nized as primary atypical pneumonia were from 

TABLE n 

Primary atypical pneumonia. Relation of the cold 
isohemagglutinin liter to the extent of the 
pulmonary lesion 


Number 
of Jobes 
involv'cd 

M.aximum cold aRslutinln titer 

Totals 

Less 
tlian 10 

10-20 

•10-80 

1 

160- 

320 

O'lo- 

1280 

2560 or 
hielicr 

1 or less 

19 

7 

12 

15 

4 


57 

2 

20 

7 

15 

18 

5 

2 

67 

3 

4 

2 

13‘ 

7» 

7» 

1 

34’ 

4 


1 

1 

2 

3 


7 

5 

2* 

V 

5> 

13« 

9' 

5' 

35“ 

Totals 

45» 

18> 

46' 

55' 

28' 

8* 

200“ 


Superscripts denote number of fatal cases included. 


schools and military hospitals, the impression gen- 
erally prevails that the disease is limited in its 
occurrence to adolescents and young adults. In 
the present series, to be sure, there was a pre- 
dominance of cases in young adults but there was 
also an appreciable number in persons over 40 
and, indeed, over 60 years of age. Since, in other 
kinds of pneumonia, the severity of the disease, 
at least as judged from case fatality rates, is 
usually closely related to the age of the patients, 
it was of interest to see whether the cold ag- 
glutinin titers in the present series of cases were 
related to this factor. The data are shown in 
Table III and indicate no definite correlation 
between the age of the patients and the maximum 
cold agglutinin titers. 
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It is interesting to note in passing that there 
was a steady increase in mortality in the in- 
creasing age groups. The rise in mortality for 
each decade, however, was far less than that 
which is usually observed in cases of bacterial 
pneumonia. 

Height and duration of fever. The relation of 
these findings to the maximum cold agglutinin 
titers is shown in Table IV. The highest tem- 
peratures for purposes of this table, were recorded 
on more than one day, or at least for several 
readings throughout a single day, during the pri- 
mary disease, and without relation to complicating 
bacterial infections. If those cases are excluded 
in which cold agglutinins were not demonstrated 
— and this seems reasonable from what has al- 
ready been said — ^there appears to be a definite 
relation between the maximum temperatures and 
the cold agglutinin titers. The higher the tem- 
peratures, the greater was the proportion of cases 
with high cold agglutinin titers. Likewise, the 
higher the maximum cold agglutinin titers, the 
greater was the proportion of cases in which the 
higher temperatures were attained. There is a 
closer correlation, however, between the duration 
of the fever and the maximum cold agglutinin 
titers observed. The longer the fever persisted, 
the greater was the proportion of cases having 
high titers, but this was less striking in cases with 
fever of more than 3 weeks’ duration. 

Leukocyte counts. The relation of the leuko- 
cyte counts to the maximum cold agglutinin titers 
observed is also shown in Table IV. In about 
one-half of the cases, the leukocyte counts were 
essentially normal or only slightly elevated (7500 
and 12,500). In most of the remaining cases, 
tiicy remained below 7500 throughout most of the 
febrile course and in only 19 cases were counts 
above 12,500 observed during the acute disease. 
In many cases, particularly in severe ones, the 
count rose from low or normal levels to iiighcr 
ones, usually during the latter part of the illness. 

Omitting the cases without cold agglutinins, 
there is a definite though not very close relation 
l)ctwccn the level of the leukoc3-tc counts and the 
maximum obscr\-cd cold agglutinin titers. TIic 
liigher the leukocyte count, the greater was the 
proponion of cases with high cold agglutinin 
titers. Rises in tlic counts were noted more often 
among the cases with high cold agglutinin titers. 


TABLE in 

Primary atypical pneumonia. Relation of the cold 
isohemagglutinm tiler to the age of the patient 


Age 

group 

(years) 

Maximum coid aEgiutinin titer 

Totals 

1^3 
than 10 

10- 

20 

40- 

80 

160- 

320 

640- 

1280 

2560 or 
hishcr 

19 or less 

8 

6 

18 

13 

11' 

1 

57' 

20 to 29 

8 

5 

15’ 

17' 

5 


50’ 

30 to 39 

13‘ 

3 

5 

11’ 

9 

4 

45’ 

40 to 49 

10 

2' 

7 

4’ 

2' 

2 

27* 

50 to 59 

4 

1 


5 

1' 

1' 

12’ 

60 or more 

2 

1 

1 

5’ 



9’ 

Totals 

45' 

18' 

46’ 

55’ 

28’ 

8' 

200” 


Superscripts denote number of fatal cases included. 


Sulfonamide therapy. There are several re- 
ports of acute hemolytic reactions associated with 
sulfonamide therapy (8 to 11). Sulfadiazine and 
sulfathiazole were the drugs implicated in recent 
cases, but such reactions were more frequent in 
sulfanilamide-treated cases. The case histories in 
many instances were quite characteristic of atypi- 
cal pneumonia but data are not available concern- 
ing cold agglutinins in the blood before the de- 
velopment of the anemia. There are, however, 
reports of anemia and cold autohemagglutinins 
occurring in pneumonia witliout relation to sulfon- 
amide therapy (12, 13). 

The cases of the present series are listed in 
Table IV according to tlie amounts of sulfonamide 
therapy administered during the acute disease. 
One-fourth of all the cases received no sulfon- 
amide at all throughout the course of their illness. 
In the remaining cases, varying amounts were 
given cither because of the failure of the patients' 
fever and symptoms to improve or because bac- 
terial complications were demonstrated or sus- 
pected. There was no striking difTcrcncc Ijctwccn 
the distribution of the ma.ximiim titers of cold 
agglutinins in those cases in which various 
amounts of sulfonamides were used as compared 
with those in which such drugs were v.-ithhcld. 
Furthermore, many of the high titers v.crc ob- 
tained before sulfonamide tlicr.apy v.-as started. 

Time 'chen the cases occurred. It v.a' of in- 
terest to sec whcth.er cold agglutinins were en- 
countered more often or in higi-.cr titers at otte 
time of tiic year ns compared v.-ith nn'/t.ker. Ti;e 
num!)Crs of cates ob'cp.ed e.ach ntonth .arc ri’.ov.r; 
in Figure S and tr.e maximum titers are at juo- 
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TABLE IV 


Primary atypical pneumonia. Relation of maximum cold isohcmaRpJutinin titer to the heipht and duration of fever, 

to the leukocyte count, and to sulfonamide therapy 


Maximum titer 

Less than 10 

10-20 

<10-80 

160-320 

6I0-12S0 

2560 or hicl'cr 

Totnii 

Maximum temperature 








Less than 101“ F. 

15 

5 

7 

13 

3 

0 

43 

101 to 102.9 

6 

2 

14 

18 

5 

1 

46 

103 or higher 

24 

11 

25 

24 

20 

7 

111 

Totals 

45 

18 

46 

55 

28 

8 

200 

Duration of fever 








7 days or less 

18 

2 

5 

1 

0 

0 

26 

8 to 14 days 

15 

11 

25 

22 

4 

2 

79 

IS to 21 days 

6 

5 

10 

25 

19 

4 

69 

22 or more days 

6 

0 

6 

7 

5 

2 

26 

Totals 

45 

18 

46 

55 

28 

8 

200 

Leukocyte count 




■■ 


1 

■H 

Less than 7500 


8 




2 


7500 to 12,500 


10(1) 




■1 


12,600 or more 

WmM 

0(4) 

■PI 

■■ 

■■1 

2(4) 

■HI 

Totals 

45 

18 

46 

55 

28 

8 

200 

Sulfonamide therapy 








None 

18 

3 


IS 

3 


50 

5 to 20 grams 

5 

4 


14 

4 

2 

39 

21 to 40 grams 

14 

6 


14 

14 

3 

64 

41 or more grams 

8 

5 

12 

12 

7 

3 

47 

Totals 

45 

18 

46 

55 

28 

8 

200 


Parentheses enclose the numbers of additional cases in whom leukocyte counts reached these levels late in the course 
of the illness after previous lower counts. 


piately indicated in each instance. There was no 
definite correlation between the maximum titers 
and the time when the cases occurred. 

The monthly incidence of cases may be noted 
in passing.' There were' 2 waves: the first and 
larger of them in the fall and winter of 1942-43 
and the smaller during the same season of the 
following year. Deaths were most frequent in 
October 1942. Characteristic cases of primary 
atypical pneumonia were rarely encountered dur- 
ing the epidemic of influenza which reached its 
peak in December 1943 or in the months which 
followed. Similar curves of incidence have been 
noted by other workers during the same period. 

Some of the more important relationships which 
have been discussed are summarized in Table 'V. 
Briefly, the maximum cold agglutinin titer is re- 
lated quite closely to the general severity of the 
symptoms, to the number of lobes involved, and 
to the duration of fever. Less striking is its re- 
lation to the height of the fever and to the leuko- 
cyte count. There is no correlation between the 


cold agglutinin titer and the age of the patient, the 
administration of sulfonamides, or the time when 
the cases occurred. 

Hemolytic anemia in atypical pneumonia and its 
relation to cold agglutinins and to 
sulfonamide therapy 

The original observations concerning the oc- 
currence of cold agglutinins in atypical pneumonia 
were made in September 1942 following the oc- 
currence, in rapid succession, of 2 cases of acute 
hemolytic anemia. Both of them were extremely 
ill and their entire lungs were involved. In one 
of them, sulfathiazole and sulfadiazine had been 
given for several days before the anemia was 
recognized ; in the other, there was marked 
anemia before the first and only dose of sulfa- 
diazine was given. In each instance, the presence 
of cold agglutinins was first indicated by diffi- 
culties in blood grouping and cross matching pre- 
liminary to transfusion and also was indicated by 
the appearance of clumping during red blood cell 
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Fig. 8. The Monthly Occurrence of the 200 Characteristic Cases of Primary Atypical Pneumonia 

Included in This Study 

Each square represents a single case and the cold isohemagglutinin titer is appropriately designated. 


counts. In the first of these cases, the titer of 
cold agglutinins tested with the cells of another 
group O donor was 640. This test was done at 
least 3 days after the anemia had developed, and 
sulfadiazine was still being given. In the second 
patient, there was no opportunity to do such 
quantitative studies and this case is not included 
in the present series. Both of these patients died, 
the first one several daj-s after the anemia was 
recognized and the other after only a few hours. 
Autopsies were done in both cases and revealed 
characteristic pulmonary lesions which will be de- 
scribed elsewhere. 

In the present series, there were a total of 11 
cases in which various degrees of anemia were 
demonstrated. Most of the severe ones were first 
recognired only after the anemia was well estab- 
lished so that accurate ohsen-ations concerning 
the dcvclopinent of this condition were not a\-ail- 
able. A few rclev.n!!t observations which arc 
avail.iblc in these cases will l>c noted. More de- 


tailed studies concerning the mechanism of anemia 
were made in some of the cases by Dr. T. H. 
Ham and Miss Geneva A. Daland but these arc 
not included here. 


In 2 cases, a drop in hemoglobin of 15 to 20 per cent 
was demonstrated. In one of them, the drop occurred 
early in the third week of the disease during the first days 
of sulfadiazine therapy and the drug was continued with- 
out aggravating the anemia appreciably. In the second, 
the anemia developed 1 week after sulfadiazine therapy 
was stopped. In tlic former, tlic cold agglutinin titer was 
■40% and in the latter 5120, l)oth being noted at the height 
of the disease. These titers dropped in I>ot!’. inttances to 
a level of 80 over the following 6 weeks. 

In 5 cases, a drop in hemoglobin of Iretv.een 2''' and 41 
per cent was noted. In 3 of them, the anemia was fully 
deseloped by the end of the second sveek rf she di^-ai- 
and sulfonamide slterapy was started later. Th- I’ .d 
hemoglobin tnerease'i during th.is treatment. In tin- rti-r 
2 cases, t.’ie anemia t>ecurrr-I d'Utin;: the c ur*- < f suT-:- 
amide therapy: in one case, in li.e sm.'ed v.s-k. a-! in 


the other, duri::g the 
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TADI.i; V 

Primary atypical pneumonia. Summary of some factors inftucnrinf, tl:r cold isohcmarxlutinin titer 


Maximum cold aRKltitlnln titer 

Lesi tli.m 10 

10-20 

40-S0 

K.O-. 12 n 

6I0-12S0 


Tot.-ih 

Number of cases * 

45 

18 

46 


28 

8 

200 

Severity, III to V 

36 

44 

59 

76 

93 

100 

61 

4 or 5 lobes involved 

4 

11 

13 

27 

46 

63 

21 

Temperature 101° F. or higher 

67 

72 

85 

76 

89 

100 

74 

Fever 15 days or longer 

27 

28 

35 

58 

86 

75 

48 

Leukocytes, <7500 

49 

44 

43 

31 

25 

25 

38 

Sulfonamide therapy 

60 

83 

76 

73 

89 

100 

75 

Age, 30 years or older 

64 

39 

28 

45 

43 

88 

52 


* Figures below this line are percentages of these numbers. 


spite of that fact. Sulfadiazine was the dnig used in A of 
these cases and sulfathiazole was used in the fifth. In 2 
of the cases, the titer of cold isohcmagglutinins was only 
40 shortly after the anemia was recognized. In the third 
case, the titer was 320, and in the fourth 640. 

In one of the patients, cold agglutinins could not be 
demonstrated in many specimens of serum by the usual 
method, that is, with the red blood cells from another 
group 0 donor. There was, however, definite and quite 
marked autoagglutination demonstrated in the cold and 
this was reversible on warming. This was noted in the 
clumps of erythrocytes seen during the blood counts and 
also in the whole oxalated blood which showed the red 
blood cells 'agglutinated as a hard single mass when re- 
moved from a refrigerator and a normal suspension of 
the red cells when the same blood was warmed in an 
incubator. The titer of autoagglutinins, however was not 
quantitated. Agglutinations were done with erythrocytes 
- from several group O donors and were all negative. 
This case may, therefore, represent an instance in which 
there were cold autohemagglutinins without cold iso- 
hemagglutinins. It is possible also, that, in some of the 
other cases, the autohemagglutinin titers may have been 
considerably higher than the titers demonstrated witli 
another donor’s cells. In a few other sera in this study 
and in 7 of Turner’s (14), the results of the 2 tests were 
in essential agreement. 

In the 4 remaining patients, the anemia was severe and 
the hemoglobin dropped 40 to 70 per cent in each case. 
This usually occurred over a period of 3 days or less. In 
1 of the cases, the anemia was first recognized during 
the second week of the pneumonia and the cold isohemag- 
glutinin titer at that time was 1280. Sulfadiazine was 
given later and the anemia improved during this therapy. 
In the other 3 patients, including the earliest case that was 
recognized, the anemia was first noted towards the end of 
the third week of a very severe illness in which almost 
the entire lung was affected. Sulfonamides had been 
given for several days in each instance. Sulfadiazine was 


used in one, sulfathiazole in another, and both drugs in 
the third. The first test for cold agglutinins was done 
in each instance after the anemia was established and the 
titers at that time were 640, 1280, and 5120, respectively. 

Some evidence for the hemolytic nature of the 
anemia was obtained in most of these cases. The 
drop in hemoglobin was usually accompanied by 
Ieukoc 3 d:osis, with total white blood cell counts 
rising to 20,000 or higher. In some, the icterus 
index was later elevated and reticulocytosis was 
noted at that time. 

Although these data are inadequate in many 
respects, they nevertheless suggest that the hemo- 
lytic anemias observ^ed in these cases of primary 
atypical pneumonia were in some way related to 
the presence of cold agglutinins. While it can- 
not be denied that either sulfadiazine or sulfa- 
thiazole, the drugs used in these cases, may under 
certain circumstances themselves be responsible 
for the occurrence of acute hemolytic anemia, the 
evidence in the present cases suggests that these 
drugs were probably not the cause of the anemia 
nor did their administration appear to aggravate 
the condition when it occurred. 

DISCUSSION 

It was the main purpose of this paper to char- 
acterize the relationship of cold agglutinins to 
atypical pneumonia. The 'time in the disease 
when they make their appearance and the course 
of the cold agglutinins are suggestive of an anti- 
body response as has been postulated (14, IS). 
In that event, it must be assumed that tlie antigen 
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involved is in some way related to the etiological 
agent of the disease or to the products of its action 
on the human body during the course of the in- 
fection. This hypothesis is consistent with the 
correlation of the high titers with the severity of 
the disease, the extent of the pulmonary lesions, 
duration of the fever, and also with the more fre- 
quent findings of cold agglutinins in patients who 
had elevated leukocyte counts. 

A number of- the properties of the hemag- 
glutinins in some of these cases were studied. 
They were found to be similar to others described 
(12, 14 to 16). Certain of these findings and a 
consideration of some of the features of the test for 
cold agglutinins will be presented in subsequent 
papers. 

Agglutinins for streptococcus 344 (5) were 
noted in connection with the findings in some of 
the representative cases presented in the text and 
in Figues 3 to 6. Almost all of the patients with 
atypical pneumonia who had cold agglutinins in 
significant titers were also found to have ag- 
glutinins for this strain of streptococcus. The de- 
tails of these findings will be considered elsewhere. 
The findings are of interest because they suggest 
that there is also an antigen in tliis streptococcus 
which is in some way related to the etiologic agent 
in the present cases. 

An alternative hypothesis concerning the nature 
of the cold agglutinins in primar}' atj'pical pneu- 
monia might be considered. This hypothesis 
would attribute to the unknown wrus of this dis- 
ease, 2 characteristics which arc common to some, 
and possibly to many other wruses. The first 
is the property of certain wrus particles or their 
soluble products to agglutinate human erythro- 
cytes and those of other animal species, as ex- 
emplified by the agglutination of the erythrocytes 
of fowl, of humans, and of otlicr animal species 
by the various known tj-pcs of influenza virus — 
the now well known Hirst phenomenon. The 
other is the common property of certain wruscs 
to persist in the body of the host for long periods 
after all evidence of active infection has disap- 
peared. On the basis of these 2 properties of 
viruses, one might assume that the cold agglutinin 
is the result of the interaction of red blood cells 
with the vims or its products. 

This lu-pothcsis would seem to l)C inconsistent 
with the fact that cold agglutinins do no: appear 


until several day's after the onset of symptoms. 
On the other hand, if it is correct, one could as- 
sume that virus activity takes place and causes 
infection in some part of the body for several days 
before the virus particles or their products are 
discharged into the circulation. Such an hy'po- 
thesis would be consistent with the increase in 
tlie titer of cold agglutinins towards tlie end of the 
disease. It w’ould also be consistent wnth the 
rapid drop in titer and the early disappearance of 
the cold agglutinins in most of the cases. In addi- 
tion, it would account for the high titers obseiv'ed 
in the severe cases and the persistence of tlie cold 
agglutinins in many such cases. Qinically, it is 
knovTi that some of the severe cases of primary 
atypical pneumonia are followed by symptoms 
which persist for a long time and suggest con- 
tinued infection. Notable are the asthmatic-like 
attacks which in occasional cases occur for several 
weeks after the acute disease has subsided. These 
attacks and the lassitude and general weakness 
which are common after severe attacks, may be 
the results of persistent low grade infection. 

The mechanism of the anemia in the present 
cases is of interest. It occurred in each case after 
tlie middle of the second week of the acute disease 
at a time when maximum titers of cold agglutinins 
are most often encountered. The anemia was 
apparently independent of sulfonamide therapy 
and not affected by it. The mechanism of its 
occurrence is a matter for speculation. From the 
results of iti vitro studies by others (17 to 19), 
the agglutination of erythrocytes renders them 
more susceptible to hemolysis when subjected to 
mechanical stimuli. On the basis of their ob- 
servations, certain of these authors (19) also sug- 
gest that cohesion of erythrocytes may lead to 
their increased mechanical destruction while in 
motion in the circulation. Their obscr.-ations 
have shown this condition to occur in the presence 
of isoagglutinins and cold agglutinins and v.-ith 
sicklcd cells. Further unpublished studic.s by 
Ham, in a patient with cold agglutinins wb.o liad a 
negative Donath-Landstcincr test, indicated that 
hemoglobincmia could be pro'luced by e.'-.tvjsurc 
of a limb to tl:e cold. In patiertts with atypical 
pneumonia, particularly during tr.c heigh: of :;:e 
disease and in severe cases, tr.trc m.ay l-e trandent 
reduction in tl:c skin tcm.g’eraturc, c.';>ecia!iv c f 
th.c crttrcmitics. Tltis may ccerr d'.;ri.rg chi!!: 
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or as a result of exposure or of the adniinistratiou 
of antipyretics. In patients witli marked cold 
autoagglutination, there is usually a wide thermal 
range and significant agglutination may still occur 
at the temperatures which arc attained in the .skiti 
of the extremities under such conditions. This 
might conceivably represent the conditions under 
which hemolysis might occur through the mechan- 
ism suggested above (19). 

Tests for aulohcmagglutination unfortunately 
were not carried out in many of the cases. In 
the few that were done in this study and by others 
(15), there was essential agreement between the 
autohemagglutinin and the isohemagglutinin titers. 
There is reason to believe, however, that in certain 
of the patients with atypical pneumonia, auto- 
hemagglutinins may develop and not be demon- 
strable by the tests for isohemagglutinins — ^that 
is, with the use of erythrocytes from other donors. 
An example of such a case which was complicated 
by a hemolytic anemia was presented. Similar 
observations were made in one other case without 
hemolytic anemia in which agglutination of the 
patient’s own cells was marked and occurred in 
high titers but could not be demonstrated by the 
method used in the tests which employed cells 
from other donors. This suggests the possibility 
that the antigen responsible for the cold ag- 
glutinins may be related directly to the tissues of 
the infected patient. 

SUMMARY AND CONCLUSIONS 

An analysis has been presented of the results 
of tests for cold isohemagglutinins in 200 char- 
acteristic cases of primary atypical pneumonia of 
unknown etiology which occurred between Sep- 
tember 1942 and January 1944. On the basis of 
these findings, the relation of the cold isoag- 
glutinin to atypical pneumonia may be charac- 
terized as follows: 

Cold agglutinins are absent early in the disease. 
They usually make their appearance during the 
second or third week after the onset of symptoms 
and the titers increase rapidly thereafter. The 
maximum titers are attained in most instances 
between the middle of the second and the middle 
of the fourth weeks. The height of the maximum 
titer appears to be unrelated to the time when it 
is attained. The titers drop fairly rapidly after 
reaching the maximum so that significantly lower 


onc.s arc already found between the third and fifth 
weeks. In mo.st of the cases, the cold agglutinins 
can no longer be demonstrated in a significant titer 
by the fourth to the sixth weeks. Significant 
titers persist longer in cases in which the maxi- 
mum titers arc very high. 

The maximum titers obscr\-cd by the method 
employed ranged from 10 to 10,000. In most 
instances, the highest oi)servcd titers were between 
40 and 1280, The height to which the cold ag- 
glutinin titers rose was related in a general way 
to the severity of the symptoms, to the extent of 
the pulmonary lesion, and to the duration and 
height of the fever. The maximum titers were 
also somewhat higher in cases in which there was 
a leukocytosis during some part of the acute dis- 
ease, usually during the latter part of the febrile 
course. The height to which the cold agglutinin 
titer rose was unrelated to the age of the patient, 
the administration of sulfonamides, or the time of 
year when the case occurred. 

Some of the relevant findings in 11 cases of 
hemolytic anemia of varying severity which oc- 
curred among these 200 cases of atypical pneu- 
monia were presented. The relation of the anemia 
to the cold agglutinins and to sulfonamide therapy 
was discussed. It was suggested that under cer- 
tain circumstances agglutination may occur in the 
peripheral circulation. The agglutinated erj'thro- 
cytes are then subjected to mechanical destruction 
and thus give rise to hemolysis and anemia. 

The authors arc indebted to tlie many physicians, both 
at the Boston City Hospital and in other hospitals, who 
permitted them to observe the patients under their care 
and to obtain the blood for these studies as well as the 
clinical and laboratory data for this analysis. They are 
also grateful to Dr. T. Hale Ham and Miss Geneva A. 
Daland for carrying out some of the observations in the 
cases of hemolytic anemia. Mrs. Muriel B. Stone ren- 
dered technical assistance during part of this study. 
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Some of the properties of cold agglutinins in 
certain human sera have been listed in a recent 
review (1). The Imowledge concerning these 
properties is based on studies of the phenomenon 
by various methods in serum or plasma from 
isolated cases of a large variety of conditions. 
With respect to the cold agglutinins in cases of 
primary atypical pneumonia, limited studies of 
certain aspects were reported in 1918 (2) in one 
case of atypical bronchopneumonia, in 1938 (3) 
in a similar case, and recently (4) in a few cases 
which more closely resemble those of primary 
atypical pneumonia of unknown etiology with 
which we have been concerned in the previous 
papers of this series. 

In the course of serological studies of cases of 
atypical pneumonia beginning in the fall of 1942, 
a number of observations were made on certain 
features of the cold agglutinin reaction and on 
the methods used for demonstrating and titrating 
these agglutinins. Circumstances did not permit 
extensive and complete studies of all the aspects 
of this reaction which were contemplated. A 
number of the observations that were made are of 
sufficient interest, however, to warrant a presen- 
tation of the results at this time, even though some 
of them are only of a preliminary nature. The in- 
vestigations which are reported in this paper 
deal with two broad categories: ( 1 ) some sero- 
logical properties of the cold agglutinins, par- 
ticularly their relation to the human group iso- 
agglutinins and to cold agglutinins for erythro- 
cytes of other animals, and (2) certain physical 
properties of the cold agglutinins. Data concern- 
ing certain features of the technique are presented 
in the paper which follows. 

MATERIALS AND METHODS 

Sera. The sera used in the present study were ob- 
tained from 3 types of individuals: (I) a number of pa- 


tients willi prim.iry atypical pneumonia that were in- 
cluded in the previous study (5 ) ; (2) patients with 
hemolytic anemia associated with cold applutinins but 
without atypical pneumonia (these cases have also been 
referred to in the previous studies (6) ) ; and (3) patients 
and members of the hospital staff who were free of res- 
piratory disease and of blood dyscrasia. \''enous blood 
was drawn and cell-free scrum was obtained by centrifu- 
gation after the clotted blood had been warmed at 37° C. 
for at least an hour. Some of the sera had been stored 
for various periods up to 6 months before the studies were 
made. 

Erythrocytes. Blood was obtained from normal human 
donors by venepuncture and from animals cither by car- 
diac Or venous puncture with cither a citrate or o.valatc 
anticoagulant. The blood cells were washed 3 times in a 
large volume of physiological saline and then resuspended 
in saline. 

The technique of the cold agglutination tests was the 
same as tliat employed in the previous studies of this 
series. Deviations from this method will be mentioned 
specifically along with other details of methods used in 
each of the experiments. 

COMPARISON OF TITERS IN SERUM AND PLASMA 

On a number of occasions, clotted and oxalated 
samples of blood were obtained at the same time 
in cases of atypical pneumonia and hemolytic 
anemia. Titrations of the cold agglutinins were 
carried out simultaneously on the serum obtained 
from the clotted blood and on the plasma removed 
from the corresponding sample of oxalated blood. 
Identical titers were obtained in every instance. 
Almost all of the tests to be reported in this paper 
were carried out on sera removed from clotted 
blood. 

RELATION OF COLD AGGUTININS TO THE BLOOD 
GROUP SPECIFIC ISOAGGLUTININS 

In carrying out the tests for cold agglutinins, 
group O cells were used routinely in order to 
avoid agglutination resulting from the group spe- 
cific agglutinins. In a number of the previous 
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TABLE I 


Effect of absorption of isohemagglutinins {sDith Group AB erythrocytes) on the cold agglutination 
of erythrocytes of all 4 major blood groups 




Unabsotbed 

After absorption ^th equal volume of washed and packed AB cdls at 37® C. 


Blood 







. Macroscopic agglutination 



Serum 

group 

Microscopic 

Microscopic 









of 

agglutination 

agglutination 










patient 





AB 


A 


B 


o* 




A 

B 

A 

B 

4° 

37° 

4® 

37° 

4® 

37° 

so 

4 

37° 

1 

AB 

0 

0 

0 

0 

32(8) 

0 

32(4) 

0 

64(4) 

0 

128(8) 

0 

2 

0 


+ + 

0 

0 

32(4) 

0 

16(8) 

0 

32(8) 

8 

128(16) 

0 

3 

A 


4~ + 

0 

0 

256(16) 

0 

128(8) 

0 

256(16) 

0 

256(321 

0 

4 

0 

-h-h-h 

+++ 

0 

0 

1024(64) 

0 

512(32) 

0 

512(64) 

0 


0 

5 

B 

-h-h 

0 

0 

0 

1024(64) 

0 

512(16) 

0 


0 


0 

6 

A 

0 

+ + 

0 

0 

512(64) 

0 

128(16) 

0 

256(32) 

0 

1024(64) 

0 

7 

A 

0 

+++ 

0 

0 

512(64) 

0 

256(16) 

0 

256(64) 

0 

512(64) 

0 

8 

0 

-f ++ 


0 

0 

256(32) 

0 

128(8) 

0 

256(16) 

0 

512(32) 

0 

9 

0 

+-h 

-t-+ 

0 

0 

512(64) 

0 


0 

512(64) 

0 

1024(12'8) 



* Identical liters were obtained before abso^tion and are shown for the corresponding sera (Nos. 1 to 9) in Table III. 
The +++ end-point in the macroscopic agglutination is shown in parentheses alongside the -f or i end-points. When 
not shown, -f -f -f- end-point was <4. 0 = <4 (the lowest dilution tested). All sera heated to 56° C. for 30 minutes 
before this test. 


reports concerning cold agglutinins, its inde- 
pence of the human blood groups was demon- 
strated. It was of interest to determine whether 
the same was true for the cold agglutinins found 
in cases of primary atypical pneumonia. 

Experimental. Nine specimens of serum in which the 
cold agglutinin titers ranged from 128 to 2048 were used 
in this experiment. These sera were obtained from 9 dif- 
ferent cases of atypical pneumonia. In order to avoid 
hemolysis, the sera were heated at 56° C. for 30 minutes 
before the tests were carried out. It was found on re- 
peated tests that this amount of heating docs not mate- 
rially affect the cold agglutinin titers. In order to re- 
move the group specific isoagglutinins, group AB cells 
which had been washed 3 times in saline were used for 
absorption. The sera were added to equal volumes of 
the washed and packed AB cells, mixed thoroughly, and 
incubated at 37° C. for 2 hours with frequent mixing 
during this period. At the end of this time, the serum 
was removed after centrifugation and tests for cold ag- 
glutinins were carried out with tlic cells of each of the 
4 major blood groups. In the readings, -f-f-l- represents 
a few large tight clumps; -f and ± represent the least 
amounts of definite agglutination readily visible with the 
naked eye and with the aid of a lens of 3 X magnification, 
respectively. The titers arc given as the reciprocal of the 
firml dilution of scrum. 

The results arc shown in Table I. All of the 
group specific isohcmagglutinins had been re- 
moved as shown by the results of tlic microscopic 
tests which were carried out with the undiluted 
sera and suspen.sions of group A and B cells. 


Only minor differences were noted in the titers of 
cold agglutinins obtained with the group O cells 
and with the cells of the other major blood groups. 
This tvas true also for the strong (-H--1-) ag- 
glutination which was likewise unaffected. The 
observed differences are no more than those which 
are to be expected from cells of different donors, 
as will be shown later. Furthermore, the titer of 
cold agglutinins for the group O cells was totally 
unaffected by the absorption at 37° C. 

relation of cold iso- and 
AUTOHEMAGGLUTININS 

A systematic study of this phase was not car- 
ried out. During the early part of these investi- 
gations, a few specimens of scrum and plasma 
having moderate to high titers were tested simul- 
taneously with autologous cells as well as with 
group O cells from another donor. Patients of 
both group O and of other blood groups were in- 
cluded. The cold agglutinin titers were usually 
found to be identical or showed a 2-fold diffcrcr.ce 
in favor of cither tv-jK of cells. Similar results 
were obtained in tests of a few bloods from cases 
of atypical pneumonia rcj>rir:cd by others (4). 

Since most of the j)rev;o;:s workers h.ad made 
similar ohservatirm? with re.-j.-cct to c-oM ag- 
glutinins. these studies were not jmrsued further, 
it l.>dr.g assumed tha.t these findings v.cre uni- 
































476 


M. FINLAND, 0. L. FFTERSON, AND M. \V. IIARNFS 


formly true. There were 2 cases, however, in 
which cold autoagglutinins were probably jircscnl 
in moderate or high titers but were not demon- 
strated at all by the routine tests which employ 
group O cells of another donor. The cold ag- 
glutination was noted in each of these cases in the 
course of collecting and handling samples of 
blood for other purposes and in carrying out red 
blood counts at room temperature. Cold ag- 
glutination was noted in the chilled oxalated blood 
and at room temperature and this was readily 
dispersed on heating. Sera obtained at the same 
time and other specimens obtained both earlier 
and later and tested with group O cells were nega- 
tive for cold agglutinins in both cases. Unfor- 
tunately, quantitative studies of the autoagglutina- 
tion were not done. It would be of interest to 
know how frequently this phenomenon occurs. 
Another worker (7) noted some differences be- 
tween the cold auto- and cold hetero-agglutinin in 
the blood of a case of syphilitic cirrhosis of the 
liver. 


COLD AGGLUTININS FOR ERYTHROCYTES OF 
VARIOUS ANIMALS 

To determine the species specificity of the cold 
agglutinins, te.sts were done simultaneously with 
human O cells and with erythrocytes from 9 
animal species. Tiic results of such tests in 10 
sera without cold isobcmngglutinins and in 12 
which had them in moderate or high titers arc 
shown in Table II. 

All of the animal erythrocytes were agglutinated 
in the cold to varying titers in the different sera. 
Rabbit, dog, cat, and rat cells were agglutinated 
in all of them, guinea pig, sheep, and horse cells in 
almost all, and hen and monkey cells in more than 
half of the sera. The highest titers were obtained 
with the rabbit cells. Dispersal of the cold ag- 
glutinated cells at 37° C. also occurred irregularly, 
more of the agglutination persisting with rabbit 
than with other cells. With most of the cells, 
there was no striking difference in the titers 
obtained in sera with or without cold isohemag- 
glutinins. Agglutination of monkey cells in the 


TABLE 11 


Cold agglutinins for animal erythrocytes in normal human sera and in sera which have cold agglutinins for human ‘‘O’’ cells 


Serum 

Human 

"0" 

Horse 

Rabbit 

Guinea pig 

Sheep 

Doe* 
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4° C. 

o 

p 

4'’C. 

37° C. 

4° C. 

37° C. 

4°C. 

37° C. 

B 

37° C. 

m 

37° C. 




37° C. 

m 
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37° C. 


1 

■ 
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20 

0 

80 

mi 

m 

0 

20 

0 

20 

0 

20 

0 

80 

0 

0 

0 

0 

0 

2 


BB 

40 

0 

320 
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0 

80 

0 

80 

0 

80 

10 

40 

0 

10 

0 

0 

0 

3 


Kb 

160 

40 

320 

in 

40 

0 

40 

0 

80 

40 

80 

10 

80 

10 

0 

0 

20 

0 

4 

B 

^nB 

80 

10 

80 

10 

0 

0 

0 

0 

40 

0 

20 

0 

40 

0 

0 

0 

10 

0 

s 

B 

^RB 

10 

0 

40 

10 

40 

0 

10 

0 

80 

0 

10 

0 

80 

0 

0 

0 

20 

20 

6 

B 


20 

0 

160 

10 

40 

0 

10 

0 

40 

0 

40 

0 

40 

0 

0 

0 

10 

0 

7 


^nB 

20 

0 

160 

10 

40 

0 

20 

0 

80 

10 

40 

0 

160 

10 

0 

0 

40 

0 

8 



40 

0 

320 

10 

80 

0 

20 

0 

160 

10 

40 

0 

160 

10 

0 

0 

20 

0 

9 

B 
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80 

20 

40 

0 

10 

0 

40 

0 

10 

0 

80 

0 

0 
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10 

0 

10 

■ 
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0 

320 

20 

40 

0 

0 

0 

40 

0 

20 

0 

20 

0 

0 

0 

0 

0 

11 
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0 
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32 

32 

0 

8 

0 

16 

0 

16 

8 

32 
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0 

0 
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10 

0 

10 

0 

80 

10 

10 

0 
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40 
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0 
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22 
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10 

80 

20 
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0 
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80 
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40 
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80 

0 

0 
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* Slight to moderate hemolysis in the lower dilutions in all sera. 

The sera were all heated at 56° C. for 30 minutes. Lowest serum dilution tested was 1 : 4 in sera 11 to 20 inclusive 
and 1 : 10 in all others. 0 = negative in the lowest dilution tested, end-point -h. Sera 1 to 10 are from normals, 
11 to 20 are from convalescent cases of atypical pneumonia, and 21 and 22 from cases of acute hemolytic anemia without 
pneumonia. 
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cold occurred more regularly and in higher titers 
in the sera having cold isoagglutinins and the 
same was true to less extent with sheep and hen 
cells. Reversal at 37° C., however, was incom- 
plete with the monkey cells and occurred regularly 
with the sheep and hen cells. 

Serial specimens of serum from several cases of 
atypical pneumonia were tested at the same time 
with human and monkey cells. The results in 4 
cases are shown in Table III. There was some 
correlation but no strict parallelism between the 
cold agglutinin titers with the 2 kinds of cells and 
considerable agglutination of the monkey cells 
persisted at 37° C. Similar tests were done with 
human and sheep cells in serial samples from 5 
cases. There was no parallel rise of sheep cell 
agglutination in 2 of these cases while each of the 
other 3 showed a 4-fold rise in titer to a maxi- 
mum of 16 or 32 with complete reversal at 37° C. 

An analysis of the cold agglutinins was made 
only in a preliminary manner by testing the effect 
of absorption with human O, rabbit, and guinea 
pig cells in the cold on the titer of cold agglutinins 
for these and for monkey cells. 

M cthod. Serum in a dilution of 1 : 10, was mixed with 
equal volumes of S per cent suspensions of cells in saline. 
The mixture was then kept in an ice bath for 2 hours. 
At the end of this time, the supernatant fluid was removed 
after centrifugation in the cold. In order to avoid further 
dilution, the second and third absorptions were carried out 
bj- adding the supernatant fluid to the packed sediment of 
an equal volume of S per cent cells after the saline had 
been removed. The final absorption was carried out by 
overnight storage in a refrigerator. The clear super- 
natant fluid was tlicn used for the cold agglutination tests. 
The lowest final dilution of absorbed scrum, therefore, 
was 1 ; 20 after the suspensions of the test cells were 
added. 

The results are shown in Table IV. They in- 
dicate that rabbit cells contain the broadest cold 
agglutinating antigen. Absorption with these 
cells removed the largest amount of cold ag- 
glutinin for the human, guinea pig, and monkey 
cells. Absorption with the human and guinea 
pig cells, on the other hand, had only slight effect 
on the titer of cold agglutinins for the heterolo- 
gous cells. 

Other investigators (4) have tested a saline 
solution of the antoagglutinins of 6 .sera from 
cases of atypical pneuntonia with human O and 


TABLE m 

Results of tests for cold agglutinins carried out with human 
Group "0" and monkey erythrocytes in 14 sera from 
4 cases of atypical pnettmonia 


Casa 

No. 

Day of 
disease 

Human '*0*' 

Rhesus 

4° 

37° 

4° 

37° 

28 

10 

20 

<10 

10 

<10 


IS 

1280 

<10 

320 

20 


27 

160 

<10 

160 

80 

32 

6 

<10 

<10 

20 

10 


14 

<10 

<10 

80 

40 


19 

320 

<10 

160 

20 


30 

40 

<10 

80 

40 

33 

13 

320 

<10 

160 

20 


14 

320 

<10 

40 

40 


25 

320 

<10 

80 

20 

1 

46 

10 

<10 

<10 

40 

20 


11 

20 

<10 

40 

20 


17 

2560 

<10 

80 

20 


31 

160 

<10 

40 

20 


-}- end-points are given. 


AB cells and with rabbit, guinea pig, sheep, horse, 
mouse, and o.x cells. In those studies, the titer 
of cold agglutinins with rabbit cells were essen- 
tially the same as with human cells. Guinea pig 
and pig cells were agglutinated in low titer ; horse 
and ox cells were not agglutinated at all ; and only 
2 sera were agglutinated in low titer with sheep 
or mouse cells. In a second e.xperiment, the same 
authors tested 5 sera with human O, rabbit, 
mouse, guinea pig, horse, and sheep cells, before 
and after absorption with autologous cells. In 
that experiment, moderate titers of agglutinins 
were obtained with all cells and the highest titers 
were obtained with rabbit cells. The agglutinins 
for the animal cells were not removed by ab- 
sorption of the sera with the autologous cclls. 

REL.\TION OF COLD AGGLUTI.NINS TO UEMOLVSI.'LS 

The reversible cold hemagglutinin for human O 
cells was shown to be completely independent of 
any hemolysin. Several sera which had high 
titers of cold agglutinins were tested l>oth in the 
fresh state and after heating at 56° C. for 30 
minutes and adding fresh guinea jiig serum. Mo 
hemolysis occurred with tlic human O cells, cither 
in the cold or after inaihation at 37° C. for 2 
hours, in sera irmn atyjr.ca! pueutr. .'uias or 
hemolvtic anemias. 
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TATII.!: IV 


Cold a!igluliriit:s: Effect of ahsorfilion at ‘E C. udtk human "O”, rnhhit, and piinea pin erythrocytes 


Number 

. 

diagnosis 

Erythrocytes 
used in 
adsorptions 

Titer o( ngr.Iiiliiiins at •1'“ C. 

Iliimnn "0" 

Knbhit j 

1 

Guinea pig 

Monkey 

+ + + 

+ or rb 

+++ 

+ or :i: 

+ + 

•4* or ^ 


+ or i- 

1 

None 

1 80 

1280 

610 

512 

80 

1280 

40 

610 

H. A. 

Human *'0" 

<20 

<20 

20 

1280 

20 

320 

20 

160 


Rabbit 

<20 

40 

<20 

<20 


20 

<20 

40 


Guinea pig 

40 

610 

SO 

2560 

<20 

40 

<20 

160 

2 

None 

20 

1280 

20 

2560 

<20 

320 

40 

6-10 

A. P. 

Human “0" 

<20 

<20 

20 

320 

<20 

80 

<20 

160 


Rabbit 

<20 

20 

<20 

<20 


80 

<20 

SO 


Guinea pig 

<20 

160 

10 

1280 


<20 

<20 

6-10 

3 

None 

160 

1280 

80 

2560 





A. P. 

Human "O" 

<20 

<20 1 

40 

1280 






Rabbit 

10 

160 

<20 

<20 




i 


H. A. = hemolytic anemia without pneumonia. A. P. = primary atypical pneumonia. 


Varying degrees of hemolysis were noted, how- 
ever, when fresh sera were tested with cells of 
each of the animal species except those of the 
monkey. This hemolysis occurred in the sera of 
normal individuals as well as in those of the pa- 
tients. The extent of this hemolysis was inde- 
pendent of the titer of cold agglutinins obtained 
with the same cells, and its intensity varied with 
the species from which the cells were obtained. 
It was most marked and occurred in dilutions up 
to 1 : 40 or 1:80 with the cells of the guinea pig, 
■ sheep, horse, and dog. It was slightly less 
marked but occurred quite regularly with hen 
cells and it was only slight and occurred irregu- 
larly with rat cells. With each of these varieties 
of cells, all of the hemolysis occurred during 
storage in the refrigerator. Subsequent incuba- 
tion at 37° C. for 2 hours did not increase the 
extent of the hemolysis appreciably except in an 
occasional serum. 

When the sera were heated at 56° C. for 30 
minutes before the tests, all of the hemolysis was 
completely abolished except with the dog cells. 
Slight to moderate hemolysis of dog cells occurred 
with every serum tested, — those from normals as 
well as those from the patients, — ^in the lower 
dilutions (up to 1:20). This did not usually in- 
terfere with the agglutination which occurred in 
spite of the partial hemolysis and could be read 
with ease. 


SOME PIIVSICAL PROPERTIES OF THE COLD 
AGGLUTININ 

Unfortunately, circumstances did not permit 
extensive physical and chemical studies of the sera 
containing high titers of cold agglutinins or of 
preparations of solutions of the cold agglutinin 
eluted from erythrocytes. Electrophoretic and 
antibody nitrogen studies have been made (9) on 
the serum of a case of gangrene of the extremities 
which had a high titer of cold agglutinins. The 
agglutinins in that instance were shown to be 
associated with the gamma globulin and a titer of 
2560 at 4° C. was found to be equivalent to 1.473 
mgm. of antibody nitrogen. In the course of the 
present studies, a limited number of observations 
were made on certain physical properties of the 
cold agglutinin in its original serum. Among 
these were the effects of various temperatures, of 
certain adsorbing agents, and of filtration through 
various types of filters. Although these studies 
were not very extensive and were not all ade- 
quately controlled, some of the findings are of 
interest. 

EFFECT OF VARIOUS TEMPERATURES 

The thermal range of the cold agglutination 
reaction has been studied by a number of ob- 
servers some of whom tested sera from cases of 
atypical pneumonia. In general, the higher the 
titer, the more likely is the agglutination to per- 
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sist as the temperature is increased above 0° C. 
This finding was confirmed in a number of sera 
early in the course of the present studies. In sera 
with low or moderate titers, the agglutination w^as 
completely abolished at room temperature (22 to 
25° C.), while those with high titers in the cold 
often showed considerable agglutination even at 
30 to 35° C. Some of them required incubation 
up to one-half hour or longer at 37° C. to produce 
complete dispersion. This was true for sera of 
atypical pneumonia cases with or without anemia 
as well as in cases of hemolytic anemia without 
pneumonia. 

The titer of cold agglutinins was not affected by 
heating at 56° C. for one-half hour in any of the 
sera tested. Temperatures of 62° C. or higher 
were necessary in order to reduce the cold ag- 
glutinin titers appreciably. At temperatures of 
66° C. or higher, all the cold agglutinins were 
completely removed from the sera. In similar 
studies made with the blood of cases of trypano- 
somiasis, it was shown (8) that the cold ag- 
glutinins were unaffected by heating for 20 min- 
utes at 58° C. but were completely destroyed at 
70° C. 

EFFECT OF CERTAIN ADSORBING AGENTS 

Method. Each of the adsorbents was passed through 
a copper sieve having a mesh of 100 micra. The pH of 
suspensions of these agents in saline ranged between 6.8 
and 7.4 and, therefore, no buffers were added in these 
experiments. Equal volumes of the adsorbent and saline 
dilutions of serum were mixed thoroughly and incubated 


in a water bath of 37° C. for 2 hours with frequent and 
thorough stirring. The serum dilutions varied from 1 : 10 
to 1 : 40, the higher ones being used in sera originally hav- 
ing high titers. After incubation, the mixtures were 
centrifuged at 2900 r.p.m. The clear supernatant fluid 
was then removed and tested for cold agglutinins in the 
usual manner. Sera of patients with hemolytic anemia 
or atypical pneumonia that had moderate to high titers 
of cold agglutinins were used in these tests. 

The effect of the different adsorbents varied 
considerably. A list of the agents used and a 
summary of their effect on the cold agglutinin 
titers is given in Table V. Casein, silicon 
dioxide, alundum, and wood charcoal had no dis- 
cernible effect on the titers in an)”^ of the sera that 
were tested. Bone charcoal, blood charcoal, and 
norit reduced the titers of most of the sera but 
left some unaffected. Vegetable charcoal and 
permutit reduced the titers in all of the sera tested 
but to a varying extent. Fuller’s earth and kaolin 
removed all of the cold agglutinins completely or 
nearly so. 

EFFECT OF FILTRATION 

The result of the preceding experiment sug- 
gested the possibility that filtration through cer- 
tain types of filters might materially reduce tlie 
cold agglutinin titers. A number of tests were 
carried out with various filters including new as 
well as previously used ones of some types. Di- 
vergent results were obtained wth the various 
filters as shown in Table VI. 

Filter paper and fritted glass filters of fine 


TABLE V 


Effect of certain adsorbing agents on the cold agglutinin titers of sera from cases 
of hemolytic anemia and of primary atypical pneumonia 


Adsorbing agent 

Number of sera 

HA. 

A.P. 

Giscin 

3 

6 

Silicon dioxide 

3 

5 

Alundum 

1 

3 

Wood charcoal 

3 

6 

Bone charcoal 

2 

5 

Vegetable charcoal 

2 

5 

Blood charcoal 

4 

5 

Norit 

4 

5 

Permutit 


4 

Fuller’s Earth 

4 

5 

Kaolin 

4 

5 


Effect on cold aKElnticin titers 


None 

None 

None 

None 

2 H. A. unaffected, others reduced 4 to 16-fold. 

••MI reduced 4 to 32-fold. 

2 A. P. umaffccted, others reduced S-fo!d or more. 

3 (2 .-\. P. and 1 H. .\.) unaffected, others rcduceti 16-foM or more. 
2 (1 A. P. and 1 H. A.) reduced 4-fold, others reduced 16-fo!J or m 
••til completely removed or nearly so 

All completely removed or nearly s-o. 


H. A. «= hcmolytfc anemia cases; A. P. i= cases of primarv atveica! pneumonia. Tn- c-i-imjl t^tr 
be ore adsotpupn mnsed from a20 to 5120. Tlte smallest final dilutiL tested after adwrpticn'wa'. 20 in ■ 
and -,0 and hO in the case of 2 of the sera with the highest original tite.-s. ^ 


ore. 
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TABLE VI 

Effect of filtration on cold agglutinin liters 


Scrum 

DiaEtiosis 

Titer 

before 

filtration 

Titer after filtration j 

Fritted 

ttlass 

1 

Seitz 

EKj 

Filler 

paper 

Mandlcr 

Hcrkcfcid filter!) j 

Used 

New 

1 

"W" 

vised 

new 



n 

1 

A. P. 

640 

640 








j 

<10 

2 

H.A. 

640 

640 

640 

640 




80 

320 


<40 

3 

H.A. 

640 



80 


<40 



320 


<40 

4 

H.A. 

5120 










320* 

S 

A. P. 

1280 



320 


40 



640 


640 

6 

A. P. 

1280 








640t 

1280 

<20 

7 

A. P. 

640 

640 

<20 



<20 



<20 1 

640 

<10 

8 

A. P. 

160 


i 


40 


<20 

<20 



<10 

9 

A. P. 

1280 


j 





<160 



<160 

10 

A. P. 

5120 







<160 



<160 

11 

A. P. 

80 


<20 









12 

A. P. 

320 




<20 

<20 i 


<20 



i 


H. A. = hemolytic anemia without atypical pneumonia. 

A. P. = atypical pneumonia. Serum No. 10 was from a case of A. P. after severe hemolytic anemia occurred. 
Ten layers of Whatman Nos. 2, 5, 42, and SO were used in small Seitz filter holder. The Mandlcr filter was of 
“average” porosity. The fritted glass was 12G4 (filter size). 

* Titer 640 obtained with this serum when the e.xperiment was repeated, 
t Same titer obtained when experiment was repeated. 


porosity had no effect. Variable results were 
obtained with Handler filters and Berkefeld filters 
of different porosities but the used ones removed 
some or all of the agglutinins more often than 
did the new ones. Seitz filters, on the other hand, 
removed the agglutinins from 8 of 10 sera tested 
and materially reduced the titer in 1 of the others. 
Attempts to elute the agglutinins from the filter 
pads were not successful. 

One of the objects of these experiments was to 
see whether cold agglutinins in hemolytic anemia 
could be differentiated from those in atypical 
pneumonia. These studies failed to accomplish 
that aim. 

EXPERIMENTS WITH PNEUMONIC LUNG AND 
OTHER TISSUES 

Preliminary experiments were made on the re- 
lation of the affected lung from fatal cases of 
atypical pneumonia to the cold agglutination reac- 
tion. In one experiment, suspensions of the dis- 
eased lung obtained at autopsy from 6 patients in 
whom antemortem sera showed moderate titers 
of cold isohemagglutinins were tested for cold ag- 
glutinins. The tissues were incubated at 37° C. 
for an hour and then thoroughly ground with 
alundum after adding 4 volumes of saline. After 
an additional 30 minutes of incubation, the mix- 


tures were centrifuged and the supernatant fluids, 
treated like serum, were tested for cold agglutinins 
with human O cells. No agglutination occurred 
with any of these preparations. 

In a second experiment, the effect of such lung 
preparations on the cold agglutinins of the pa- 
tients’ sera was tested. Antemortem sera from 2 
cases were set up for the cold agglutination test 
in triplicate. One of the sets of tubes containing 
0.5 ml. each of serial dilutions of serum and equal 
volumes of 2 per cent suspension of human O 
cells was used as a control. To each tube in the 
second and third sets were added 0.1 ml. amounts 
of a 1:5 and 1 : SO dilution, respectively, of the 
patients’ own cleared lung suspension. Ag- 
glutination was then read after storage in the ice 
box over night. In one of these tests, the cold 
agglutinin titer was reduced from 160 to 10 by the 
concentrated suspension of lung and to 40 by the 
1 : 50 suspension. In the second test, the control 
titer was only 20 and no agglutination occurred 
after addition of either of the lung suspensions. 

Two other sera from recovered cases were 
tested in a similar manner with uninvolved and 
with consolidated portions of lung and with spleen 
obtained at autopsy from cases of bacterial pneu- 
monia, and also with normal mouse lung. One 
of these sera had a cold agglutinin titer of 640 
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and the titer of that serum after addition of 20 per 
cent tissue suspensions ranged from 40 to 80. In 
the second serum, the original cold agglutinin titer 
was 160 and the titers of the same serum with 
20 per cent tissue extracts added in 0.1 ml. 
amounts was 40 to 80. In neither case was there 
any difference between- the effect of spleen or of 
normal or infected lungs. 

Hemoglobin solutions and suspensions of red 
blood cell stroma were used in the same manner 
as the tissue suspensions. In these experiments, 
the concentrations of hemoglobin and of red blood 
cell stroma suspensions were based on the volumes 
of packed red blood cells, and the concentrations 
added to the serum-cell mixtures in the cold ag- 
glutination tests corresponded to those used in the 
experiments with other tissues. Neither the 
hemoglobin solutions nor the suspensions of red 
cell stroma had any effect whatever on the cold 
agglutinin titers of the same sera. 

These findings suggest the possibility that the 
affected lung from cases of atypical pneumonia 
could remove or inhibit the cold agglutinins to a 
greater extent than the same or other tissues from 
other sources. Further observations, however, 
are necessary in order to determine the validity 
of these findings. 

DISCUSSION 

This paper has been devoted to a presentation 
of a number of observations on the cold ag- 
glutinins found in cases of primarj' atypical 
pneumonia and of hemolytic anemia. While the 
results of these studies have some general interest 
merely as biological observations, the objective 
of the studies was to define, if possible, the nature 
of the cold agglutinins in primary atypical pneu- 
monia with the idea of shedding some light on 
the etiology of this disease. The results of most 
of tliese studies revealed no differences between 
the cold agglutinins in cases of atj-pical pneumonia 
and those in the cases of hemolytic anemia without 
pneumonia. The possibility that the two condi- 
tions might be related, however, has some basis. 
This is suggested by the occurrence of hemolytic 
anemia, as well as other phenomena svsch as 
thrombophlebitis and acrocyanosis, in occasional 
cases of at%-jiical pneumonia. Cases of these con- 
1, ditions without pneumonia have been found to 


be associated with autohemagglutination. The 
relationship, however, may be quite indirect and 
similar to the finding of heterophile antibodies as 
a result of a large variety of bacterial infections 
or following immunizations with bacteria or 
foreign proteins. The common antigen has not 
been identified. The present studies indicate 
quite definitely that the cold agglutinin is not a 
Forssman antibody though it may be some other 
type of heterogenetic antibody. , 

Some of these results, though preliminary in 
nature, are presented because of their general 
interest. It is possible that further studies by 
others who are in a better position to pursue them 
may yield useful information and shed more light 
on the now obscure nature of the cold agglutina- 
tion phenomenon and also on the nature and 
causes of primary atypical pneumonia and of 
some of the other conditions associated with cold 
agglutinins. 

SUMMARY AND CONCLUSIONS 

A number of serological and physiological 
properties of cold agglutinins were studied in sera 
obtained from a number of cases of primary atypi- 
cal pneumonia and from 2 cases of hemolytic 
anemia without pneumonia. 

Cold agglutinin titers are the same in serum 
and plasma obtained from the same blood. 

The complete independence of cold agglutinins 
and blood group isohemagglutinins was confirmed. 
Absorption of the group-specific agglutinins from 
sera containing moderate or high titers of cold 
agglutinins left the latter intact. 

While cold autohemagglutination and cold iso- 
hemagglutination almost always co-exist, sug- 
gestive evidence was obtained in two cases of the 
possible independence of these two reactions. 

Cold agglutinins for the erythrocj'tcs of several 
animal species were found both in normal sera 
which lacked cold agglutinins for human O cells 
and in sera from cases of atypical pneumonia 
and hemolytic anemia in which cold agglutinins 
for human O cells were found in high titer. Tiie 
erythrocNtes of some of these aninuils were ag- 
glutinated more strongly and in higb.er liter in 
sera containing high tilers of cold agglutinins for 
human cells than they were in ih.c sera of nor.mal 
individuals. Rabbit cells sh.owcd the sirorirc't 
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cold agglutination and, in absorption tests, ap- 
peared to have the widest antigenic action. Sonic 
rises in titer of cold agglutinins for sheep and 
monkey cells were observed in a few cases of 
atypical pneumonia but the reversal of the ag- 
glutination with the monkey cells at 37° C. was 
irregular and incomplete. 

The cold isohemagglutinin was not related to 
any hemolysin demonstrable in viiro for either 
human or animal cells. 

Cold isohemagglutination is dispersed as the 
temperature is raised above 5° C. The thermal 
range in any given blood depends on the titer and 
intensity of the cold agglutination reaction in 
that blood. In most instances, the agglutination 
is completely dispersed at room temperature (20 
to 25° C.) but in sera of high titer, incubation 
at 37° C. for 30 minutes or longer may be required 
to give complete dispersion. 

The cold isohemagglutinins are unaffected by 
heating at 56° C. for 30 minutes. Partial de- 
struction of the cold agglutinin occurs at 62° to 
65° C. and the agglutinins are completely de- 
stroyed by heating for 30 minutes at temperatures 
of 66° C. or higher. 

Certain common adsorbing agents had no effect 
whatever on the cold isohemagglutinins while 
others removed them either partially or completely 
from some or from all of the sera tested. 

Filtration through common types of bacterial 
filters at room temperature may remove some or 
all of the cold isohemagglutinins. Seitz asbestos 
filter pads were most active in removing the cold 
i sohemagglutinins . 

There was no difference in the behavior of sera 
from cases of atypical pneumonia and of hemo- 
lytic anemia without pneumonia with respect to 
the effects of heating, of adsorbing agents, or of 


filtration. The same was true of the agglutination 
of animal erythrocytes. 

Preliminary observations on the effect of va- 
rious tissues suggest the possibility that the dis- 
eased lung of cases of atypical j^ncumonia may 
inhibit the cold isohcmagglutinin to a greater 
extent than do tissues from other sources. These 
studies, however, need further c.xlcnsion and 
confirmation. 

The authors arc indebted to Dr. F. H. L. Taylor for 
helpful advice. 
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The data recorded in the previous papers of this 
series are based upon tests carried out in a more 
or less uniform manner. The method of testing 
for cold agglutinins (1) is essentially the one 
which has been found (2) most suitable in the 
studies of blood from cases of hemolytic anemia. 
It was readily reproducible when the same mate- 
rials were employed in repeated tests carried out 
at the same time. When, however, the same sera 
were retested on other occasions, slight, and some- 
times considerable, differences in titer were noted. 
For that reason, as these investigations pro- 
gressed, batches of sera were subjected to com- 
parative tests, using the routine method and some 
variation of this method. The present paper is 
devoted to a critical evaluation of certain details 
of the quantitative technique for determining cold 
agglutinins in human serum as revealed by these 
comparative tests. Most of tlie data were accumu- 
lated during the course of the present investiga- 
tions, but some were the results of separate experi- 
ments. 

EFFECT OF AGE OF CELLS ON COLD ISOAGGLUTININ 
TITERS 

It was noted early in the course of these studies 
that some sera in which cold agglutinins could not 
be demonstrated with cells that were used on the 
day the blood was drawn nevertheless showed sig- 
nificant titers when tested with the same cells after 
they had been allowed to stand 3 or 4 days. It 
seemed important, therefore, to determine how 
often and to what c-xtcnt this phenomenon oc- 
curred. A number of sera were, therefore, tested 
simultaneously with cells obtained on different 
days from the same donor. 

Tests of cold agglutinins were usually carried out 2 or 
3 times e.ach week tb.rougkout this study. On a number 
of these oecasionc, luvtdies of sera. t'Oth positive and nega- 


tive, were tested at the same time with fresh or 1 -day-old 
cells and with other cells from the same donor that had 
been used for previous tests and were 3 or 4 days old at 
the time. The cells had remained suspended in saline dur- 
ing this period. They were kept in a refrigerator when 
not in use and were discarded if hemolysis occurred. A 
single set of dilutions was made and distributed in dupli- 
cate tubes in order to minimize errors from this source. 
In these tests and in the succeeding ones, all of the ag- 
glutinations were observed at 4° C. and were completely 
reversed at 37° C. 

The accumulated results of the comparative 
tests are shown in Table I. One-fourth of the 
sera showed the same titers with the fresher and 
with the older cells, but almost tivice as many 
showed higher titers with tlie older cells. When 
compared separately, lower titers ivere more fre- 
quent with fresh than with 1 -day-old cells and 
higher titers were somewhat more frequent with 
4-day-old cells than with 3-day-old cells. An ap- 
preciable number of sera which gave no agglutina- 
tion in a dilution of 1 : 10 (tlie lowest dilution 
tested) ivhen fresh or 1-day-old cells were used, 
yielded titers ranging from 10 to 320 with 3- or 
4-day-oId cells. A similar number of positive 
sera showed titers whicli were 8 or more times 
greater with tlie older than with tlie fresher cells. 
These observations indicate tliat 3- or 4-day-old 
cells are appreciably more sensitive to agglutina- 
tion in the cold tlian arc fresh or l-da 3 --old cells 
except in sera having a high content of cold ag- 
glutinins. 

COIIPARISON OF RESULTS WITH CELI.S FROlt 
DIFFERENT DO.VO.RS 

In the preceding comparisons, tlic cells used in 
the tests of each scrum were obtaintri from tr.c 
same donor. It v.as not feasible to use a si.ngie 
donor tlirougb.out all o: the studic;. It v.:;'; 
interest, tlierefore, to obtain infern-atien on tb.e 
extent to which v-riations in :;;c titer of c.M r,g- 

S3 
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TABLE I 


Comparison of cold isolicmagglutinin tilers {end-point +) of the same sera tested simultaneously with fresh or 1-day-old cells 

and suith 3 or 4-day-old cells of the same donor 


Titer with 
fresh or 
1-day-old 
cells 

Titer with 3 or -l.d.iy-old cells 

Tot.al 

<10 

10 

20 

40 

80 

160 

320 

610 

1280 

2560 

5120 

<10 


2 

n 

8 

5 

2 

2 





24 

10 


. 



2 







9 

20 

1 




8 

3 

1 





22 

40 

3 

2 



13 

10 

5 

2 

1 



49 

80 

1 



2 


25 

7 

2 

1 

1 


47 

160 




4 


24 

11 

9 




55 

320 






22 

33 

26 

3 



95 

640 






15 

18 

13 

1 



49 

1280 







5 

5 




10 

2560 










1 


1 

5120 











1 

1 

Total 

5 

4 

12 

38 

48 

101 

82 

57 

6 

8 

1 

362 


SmiMAKY 


Same liter with fresh or 1-day cells and with 3 or 4-day-old cells 90 (25 per cent) 

Higher titer with 3 or 4-day-old cells 177 (49 per cent) 

<10 with fresh or 1-day cells, 10 or higher with 3 or 4-day-old cells 24 

2-fold.. S8 

4-fold 43 

8-fold 16 

16 or 32-foid 6 

Higher titers with fresh or 1-day old cells 95 (26 per cent) 

< 10 with 3 or 4-day cells, 10 or higher with fresh or 1-day cells 5 

2-fold 55 

4-foid 54 

8-fold 1 


Note- The 95 sera in which the titer with fresh or 1-day cells was 320 were about equally divided among those having 
the same' (35 per cent), higher (30 per cent), and lower (35 per cent) titers with the older cells. 

Among the 206 sera in which the titer with the fresher cells was less tlian 320, 69 per cent had higher titers with 
3 or 4-day cells; whereas, 70 per cent of the 61 sera in which the titer with the fresh or 1-day cells was greater than 320 
had lower titers with the old cells. 


glutinins occurred when cells of the same age but 
obtained from different donors were used in tests 
of the same sera. Two series of experiments were 
carried out for this purpose; the cells of two 
donors were used in the first and those of 8 donors 
were tested in the second. 

In the first experiment, blood was obtained at the same 
time from two donors (F and S). The bloods were 
washed 3 times and 2 per cent suspensions were made and 
stored at 5° C. The procedure was repeated 4 days later. 
Sera previously found to have low or moderate titers were 
tested at the same time with these 4 cell suspensions. In 
the second experiment, er 3 'throcyte suspensions from 8 
donors were all used in tests of the same sera on^ the day 
the cells were obtained and on 5 or 6 successive^ days 
thereafter. As in the previous tests, a single series of 
dilutions was made of each serum and distributed into 
separate rows of tubes in order to minimize variations 
resulting from this source. In order to indicate the in- 
tensity of the reaction, both the -i-+ and the -f end-points 
are recorded. 


The first of these experiments was done with 
27 sera. Considerable variations in the sharpness 
of the end-point were obtained in different sera as 
indicated by the discrepancies between the + + 
and the -{- end-points. This was true for both 
the fresh and 4-day-old cells of each donor. A 
comparison of the titers obtained with the cells 
of the 2 donors indicated that the cells of S were, 
in general, more sensitive to agglutination in the 
cold and thus gave higher titers than did the cells 
of F. The differences, however, were greater 
with the fresh cells, and with them the +-h end- 
points obtained with the cells from both donors 
varied somewhat less than did the + end-points. 

Thus, the fresh cells of donor S showed -i — I- agglutina- 
tions in dilutions of 10 to 40 in 5 sera in which there was 
no agglutination with the cells of F in the lowest dilu- 
tion tested, namely 1 : 10. In the remaining 22 sera the 
++ end-point with fresh F and S cells was the same in 
18 sera and only twice as high with the cells of the one 
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or the other donor in the 4 remaining sera. The + end- 
points on the other hand were higher more often with the 
cells of donor S. The same + end-point was obtained 
with the cells of the 2 donors in only 8 sera, including 1 
in which the titer was less than 10, In all but 1 of the 
19 remaining sera, the titers with S cells were 2- or 4-fold 
greater than with F cells and in 3 of them, titers of 20 
or 40 were obtained with S cells and no agglutination was 
obtained with F cells. When 4-day-old cells were used, 
on the' other hand, there was much less difference between 
the cells of the 2 donors. Thus, +-1- agglutination was 
obtained in the same titer with both F and S cells in 12 
sera and higher titers were obtained in 9 sera with the 
former and 6 with the latter. The final titers (+) were 
the same with the 2 donors’ cells in 18 sera, and the re- 
maining 9 showed only 2-fo!d differences in titer, favor- 
ing the F cells in 5 instances and the S cells in 4, 

The cells of both donors behaved alike with re- 
spect to the effect of the age of the cells. Both 
gave higher titers with the 4-day cells than with 
the fresh cells. The intensity of the cold aggluti- 
- nation with both donors’ cells, as indicated by the 
+-f end-points, was correspondingly greater with 
the 4-day-old cells. In this respect, however, 
greater differences were noted with tlie cells of F 
than with the cells of S. 


In summar}’’, therefore, the cells of both F and 
S gave higher titers with 4-day-old cells than with 
fresh cells. These differences were more marked 
with the cells of F. With fresh cells, higher titers 
were obtained more often with the cells of S. 
With the 4-day-old cells on the other hand, there 
was essentially no difference in the results ob- 
tained with cells of the 2 donors. 

In the second experiment, 6 sera of high titer 
from cases of atypical pneumonia were employed 
on 2 occasions. Here again the greatest differ- 
ences were noted with the fresh cells. In general, 
the titers increased through the second or third 
day and then declined. The greatest decline, how- 
ever, occurred when 5- or 6-day-old cells were 
used, the titers with these cells being comparable 
to those obtained with fresh cells. In only 1 of 
the 6 sera were the titers obtained with fresh cells 
the same or higher tlian with older cells. In that 
serum, the titers began to decline after the second 
day. The variations in the titers obtained with 
the cells of different donors were less striking than 
those obtained with the cells of different age ob- 


TABLE u 

Comparison of cold agglulinin liters obtained svith Group 0 erythrocytes of different ages and from various donors 


Donor 
of cells 


S and 6 Days • 



time of 5-<5.iy-o!(l cell, and sons 2 and 3 ■nJth 6-<!.sv-o’ 1 o.lb. Tncy « t-rc ! Jo K 

When no aFglutlr..aUon occurrcii beyond ;hc -f -f cr.d-pnlnt. the same illee h IL-.cd ur.-inr -J-. 
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tainecl from the same donor. The rcsnlts in 3 of 
the sera, which illustrate most of the variations 
obseiwed, are shown in Table II. 

Thus, it would appear from the results of these 
two experiments that the age of the cells is an im- 
portant factor in the cold agglutinin titer. This is 
true both in sera of low and of high titer but the 
most marked differences arc noted in sera having 
low titers. Considerable variations in titer arc ob- 
tained with cells of the same age obtained from 
different donors, particularly when the sera are 
of low or moderate titer. 

COMPARISON OF TITERS WITH 2 PER CENT AND 
WITH 0.2 PER CENT CELLS 

In the routine test for cold agglutinins, equal 
volumes of 2 per cent cells were added to the 
serum dilutions. This concentration of cells gives 
a fairly heavy suspension. In sera of high or 
moderate titers, the readings are easily made be- 
cause of the large clumps which are formed. It 


was considered prtssible, however, that agghitifia- 
(ion of le.s.^er intensity might be obscured because 
of the deit.sily of this suspension. To examine thi.s 
possibility, tests were carried out simultaneously 
with 0.2 per cent .suspensions of cells. 

In tlicsc tests, tiic 0.2 per cent suspension w.is m.adc by 
further diiiition of the 2 per ectit cells used in the same 
test.s, .3-clay-okl cells from scvcr.il donors being used. 
Hatches of sera were tested siniijllancously with both con- 
centrations of cells. As before, a single scries of dilutions 
of the scrum was prepared and divided between 2 rows 
of tubes. A scale of reading was adapted for the tests 
with 0.2 per cent cells \v)jich corresponded to that used 
with 2 per cent cells. 

The results of 400 simultaneous tests with these 
2 concentrations of cells are shown in Table III. 
Among the 172 positive tests, slightly more than 
one-third yielded similar titers with both concen- 
trations of cells. In the remaining tests, higher 
titers were obtained 3 times as often with 0.2 per 
cent cells as with 2 per cent suspensions. The 


TABLE lU 


Co/d isohemagglulinins. Comparison of titers (I-h) obtained with 2 per cent and with 0.2 per cent suspensions 



Comparison of results with 2 per cent and 0.2 per cent cells 

Same tilers 

Tilers higher with 0.2 per cent cells 

2 per cent = <10; 0.2 percent = lOor higher 

2-fold higher 

4-fold higher 

8-fold higher 

Tilers higher with 2 per cent cells 

0.2 percent = <10;2percent = lOorhigher 

2-fold higher 

4-fold higher 

Totals 


No. 

Per cent 

Corrected 
per cent 

291 

72.8 

36.6 

82 

20.5 

47,7 

20 

5.0 

11.6 

42 

10.5 

24.4 

15 

3.8 

8.7 

5 

1.3 

2.9 

27 

6.8 

15.7 

9 

2.3 

5.2 

12 

3.0 

7.0 

6 

1.5 

3.5 

400 

100 

100 


* By exclusion of the 228 tests in which the titer was <10 with both 2 per cent and 0.2 per cent cells. The final 
concentration of cells in the mixtures were i of the stated amounts whereas the titers are given as the final dilution of the 
serum after the cells are added. 
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differences, however, were not very great and oc- 
curred mostly in sera of low titer/ 

RESULTS WITH POOLED ERYTHROCYTES FROM 
SEVERAL DONORS 

One intensive experiment was carried out with 
67 sera and a pool of erythrocytes derived from 8 
group O donors. The sera varied widely in their 
cold agglutinin titers and were several months old 
at the time. One-half of the pooled blood was 
stored in the original citrated plasma and the cells 
of the remainder were washed and made up as a 
2 per cent suspension in saline. The sera were 
tested simultaneously with 4 concentrations of 
fresh cells, namely 2.0, 1.0, 0.5, and 0.2 per cent. 
On 6 successive days thereafter, the sera were 
retested with similar concentrations of cells in 
duplicate, one set of suspensions being freshly 
made up each day from the ori^nal stored citrated 
blood and the other from the cells which had been 
stored as a 2 per cent suspension in saline. 

The results corroborated those of the previous 
experiments with respect to the age of the cells. 
The strongest agglutination and the highest titers 
were obtained with cells 2 to 4 days old, the opti- 
mum varying in different sera. With fresher and 
with older cells, the agglutinations were progres- 
sively weaker and the titers were lower. The con- 
centration of the cells had much less effect. The 
end-points were easiest to read when the 1.0 per 
cent suspension was used than with the higher or 
lower concentrations. The titers, however, varied 
less than in the previous experiment in which 2.0 
and 0.2 per cent suspensions were compared. The 
cells which were stored in the original plasma gave 
higher titers and clearer end-points than the cells 
which were stored as a 2 per cent suspension in 
saline. 

SHARPNESS OF THE END-POINT 

The simplest quantitative measure of the in- 
tensity of the cold agglutination reaction was the 
titer to which strong agglutination was noted. 
The difference between the highest eoncentration 
of seniin giving strong agglutination and that at 
which the weakest definite agglutination is dis- 
ccriuxl can be t.akcn as a measure of the sharpness 

' Simil.-ir o'.Kcnntic'n? were rcr»?rlc-.i at ihc recent mect- 
int; of the Society of .-Xinerican BactcrioIoeifU; (3). 


TABLE IV 

Cold isohemagglutinin tilers. Comparison of 
-1-+ and -b end-points 


1 

Titer -f -f 

Titer -f 

2.0 per cent 
cells 

0.2 per cent 
cells 

Sera 

Percent 

Sera 

Percent 

<10 

10 

55 

4.1 

11 

6.9 


20 

74 

5.5 

16 

10.0 


40 

60 

4.5 

7 

4.4 


80 

23 

1.7 

6 

3.8 


160 

5 

0.4 

1 

0.6 


320 

2 

0.1 

1 

0.6 


Total 

219 

16.3 

42 

26.3 

10 or more 

Same as -| — b 

169 

12.6 

37 

23.1 


2-fold 

615 

45.8 

56 

35.0 


4-fold 

• 280 

20.8 

18 

11.3 


8-fold 

55 

4.1 

7 

4.4 


16-fold 

6 

0.4 

0 

0 


Total 

1125 

83.7 

118 

73.8 

Total positive sera 

1344 

100.0 

160 

100.0 


The tests with 2 per cent cells include those in which 
the erythrocytes were of different ages up to 4 days but 
the 0.2 per cent cells used in these tests were 3 days old. 


of the end-point. Since there tvere many sera of 
comparatively low titer, the -f-{- end-point was 
chosen to indicate the strong reaction. The -b 
end-point was used for the final titers since it 
seemed more likely, thereby, to exclude non- 
specific reactions which were seen as slight ag- 
glutination (i), visible only with magnification. 

The differences between the -b-b and -b end- 
points are summarized in Table IV. Among the 
sera which failed to show -b-b agglutination, the 
-b end-points ranged up to 320. This represents 
differences ranging up to 64-fold, provided tliat 
-b-b agglutination were present at all in dilution 
below 10. In most of these sera, however, the -b 
end-point was between 10 and 80. The sera 
which showed stronger cold agglutination as in- 
dicated by -f-b agglutination in titers of 10 or 
higher gave appreciably sharper end-points. Only 
rarely was there a 16-fold difference between the 
-b-b and -b end-point, and in all but a few sc.m, 
there utls a 4-fold difference or lc.ss. Xo definite 
or uniform relation was discernible between the 
sharpness of the end-point and tb.c age and con- 
centration of tile ccll.s. 

From these obfcre-ations it may by; faid tler.t 
sharp end-points were as'oeiated with h.igh titer:-, 
and with strong agglutination, L-ut in general, ti.e 



488 


M. FINLAND, B. A. SAMl’KK, AND M. 


W. liAKNES 


end-points were fairly distinct considering the 
character of the reaction. ‘ 

DISCUSSION 

The test for cold agglutinins in human serum 
as usually performed, and as carried out routinely 
in the studies that were reported in this series of 
papers, is a very simple one to perform. In sera 
of high titer, it is very easy to read and to inter- 
pret. In sera of low titer, however, both the read- 
ing and the interpretation may not be so simple. 
Many factors may influence the quantitative re- 
sults of these tests. In some sera, particularly 
those of low titer, the cold agglutinins may not be 
revealed by the test under certain circumstances. 
If the test for cold agglutinins is to be used as a 
diagnostic aid, — and its value in this respect Avas 
indicated by the data presented in the earlier pa- 
pers of this series, — an acquaintance with the pit- 
falls and possible errors involved in the test is 
essential. It is for that reason that the present 
studies Avere undertaken. 

Only a fcAV of the technical features of the 
method as they affect the results of the test Avere 
analyzed in this paper. Others were considered 
in the preceding paper of this series, and the ef- 
fect of storage of the sera on the titers of cold- 
agglutinins will be considered in the paper which 
follows. These studies Avere not intended to in- 
clude all of the technical details or to indicate ac- 
curately the statistical errors involved in each 
phase of the technique. Only some of the more 
important features Avhich should be kept in mind 
in determining cold isohemagglutinin titers in hu- 
man sera Avere considered. 

The data presented indicate that the age of the 
cells that are used in the test for cold agglutinins 
is an important factor in determining the intensity 
of the cold agglutination as Avell as the titer, par- 
ticularly in sera of Ioav or moderate cold agglutinin 
content. In such sera, the use of fresh or even 
1 -day-old cells may fail to reveal cold agglutinins 
Avhich can be demonstrated in moderate titers 
AA'hen 2- to 4-day-old cells are used. Furthermore, 
the differences in the sensitivity of cells from dif- 
ferent donors is appreciably lessened Avhen the 
older cells are used. 

Cells of lower concentration than the one rou- 
tinely used may also yield higher titers in some 


sera m which the cold ngglulinin content is Ioav, 
iins may be due to the fact that the greater dis- 
persion of the cells offcr.s a better ofiportunity to 
observe minor degrees of agglutination. How- 
ever, with concentrations as low as 0.2 per cent, 
liie reading of the test is more difficult, particu- 
lail} near the end-point.s, and I.O per cent su.spcn- 
sions arc more satisfactory in this rcsj)cct. 

The sharpness of the end-point is, in a AA-ay, a 
measure of the accuracy of the quantitative meas- 
urements. In this respect, there did not seem to 
be any uniform differences related to the age of 
the cells or to their source. Here, again, the cold 
agglutinin content Avas more important, sharper 
end-points being obtained in sera of high titer. 

^ From the point of A'iew of the patient and his 
disease, these factors may not be of great signifi- 
cance. If the cold agglutinating property of serum 
during the course of an infection or carlj^ in con- 
valescence is an important factor in bringing about 
such complications as hemolytic anemia, thrombo- 
phlebitis, acrocyanosis, etc., it is obviously only the 
patient s OAvn circulating cells and plasma AA'hich 
are involved. The conditions to Avhich the blood 
is subjected in various parts of the body and its 
content of cold autohemagglutinins are probably 
the only factors Avhich are of importance. Of 
these, only a measure of the autohemagglutinin 
content is obtainable in the test tube; its relation 
to isohemagglutinins was considered in the pre- 
ceding paper. 


The results of comparative tests for cold iso- 
hemagglutinins carried out simultaneously Avith 
cells of different age, from different donors, and 
m different concentrations Avere presented. Con- 
siderable variations in the intensity of the aggluti- 
nation and in the titers were obtained in indi- 
vidual sera under these conditions. The greatest 
variations were obtained in sera in which the cold 
agglutinin content was low. In such sera, the use 

cant y h,gher hters with greater regularity than 
d d fresh or 1-day-old cells. With the 2- to 4-day- 
old cells, ntoreoyer, the differences between the 
Mers oblamed with the use of cells from different 
donors were minimised. Cells more than 4 days 
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old behaved in these respects more like fresh cells. 
In comparative tests, in which 2 per cent and 0.2 
per cent cells were used, the latter yielded higher 
titers more frequently than the former. A con- 
centration of 1.0 per cent, however, proved more 
satisfactory technically. Cells stored in the orig- 
inal plasma were more satisfactory than those 
which were stored in saline. 
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When the first instances of marked cold hemag- 
glutination were noted in this laboratory in cases 
of primary atypical pneumonia of unknown eti- 
ology (1), a number of sera were available from 
other similar cases which had been studied during 
the preceding months. Most of these sera had 
been obtained from cases in this hospital but many 
were from other hospitals. The large majority 
of them gave negative results when tested for cold 
agglutinins. On the other hand, sera from char- 
acteristic cases obtained at the proper time in the 
■course of the disease from patients who were 
being currently observed gave positive results. 

Several possible explanations for this dis- 
crepancy were considered. In the first place, it 
was possible that the earlier cases differed from 
the current ones with respect to the occurrence 
of cold agglutinins. This explanation seemed 
unlikely in view of the similarity of the clinical 
course in both groups of cases. It seemed pos- 
sible, however, that variations in severity of the 
cases might have accounted for the differences. 
The earliest cases in which the cold agglutinins 
were observed were very severe ones and many of 
the others that were being encountered at that 
time seemed to be of greater severity than those 
which had been described from schools and from 
military hospitals. Many of the sera which had 
been stored were from mild cases in young adults 
and some of them were from military hospitals. 
Interestingly enough, most of the few positive 
results among the stored sera were from very 
severe cases in which there was extensive pul- 
monary involvement (2). 

Another possible explanation depended on the 
likelihood that most of the sera that were stored 
had been improperly prepared and preserved. It 
is usually more convenient to collect a number 
of specimens of blood, store them in a refrigerator 
over night, and take off the serum on the follow- 
ing day. The possibility must, therefore, be con- 
sidered that, without special precautions having 


been taken to warm the bloods, some at least of 
the cold agglutinins might have been adsorbed 
on the red blood cells of the clot and left behind in 
the process of taking off the scrum. Such a loss 
can readily be demonstrated, particularly if the 
blood remains cold while the serum is rapidly re- 
moved. For the most part, however, the bloods 
were kept at room temperature for some time 
before the sera were separated. Subsequent ob- 
servations have indicated that under the latter 
circumstances very little drop in the titer of cold 
agglutinins occurs. 

Finally, the possibility was considered that the 
cold agglutinins had deteriorated on storage. 
This was suggested by other workers (3) to ex- 
plain the low titers of some of the stored sera from 
characteristic cases of atypical pneumonia in their 
series. In another study (4), more than one- 
third of the sera had been stored for several 
months although it is not stated what proportion 
of the negative sera in cases of atypical pneumonia 
were among those which had been stored. Alter- 
native explanations were given by the latter au- 
thors for most of the negative results which they 
obtained in their cases of primary atypical pneu- 
monia. 

The present paper deals with a study which was 
directed specifically towards determining the effect 
on the titer of cold isohemagglutinins of storage 
for varying periods up to 18 months in an ordi- 
nary electric refrigerator, and for shorter periods 
at room temperature. 

MATERIALS AND METHODS 

Almost all of the sera in this study were obtained at 
vanous^ stages of the disease from the patients with char- 
acteristic primary atypical pneumonia of unknown eti- 
ology, who were included in the previous study (2). A 
few sera which were obtained from 3 of the patients with 
acute hemolytic anemia (5) are also included. 

The bloods were all obtained and handled with sterile 
precautions. In many instances, the sera were separated 
at room temperature (20 to 25“ C.) but most of them 
were warmed to 37“ C. before the serum was taken off. 
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Special care was taken to obtain serum free from cells. 
The sera were then stored in sterile rubber stoppered test 
tubes in an ordinary household refrigerator in which the 
temperature varied between S and 10° C. Many of these 
sera were also used for a variety of other tests which 
were carried out at the same or at different times. These 
sera were allowed to come to room temperature before 
each of the tests was carried out and were often kept at 
that temperature for several hours while the tests were 
being set up. Toward the end of this study, due to un- 
avoidable circumstances, all of the sera were kept at room 
temperature for 3 to 6 weeks. The final tests were done 
after this period. 

The method used for determining the titer of cold ag- 
glutinins was described in a previous paper (5). The re- 
sults recorded in the present study are based upon tests 
carried out with a single method. Briefly, the tests were 
set up as follows : to 0.5 ml. of serial 2-fold dilutions of 
serum were added equal volumes of a 2 per cent suspen- 
sion of 2- to 4-day-old 'group O red blood cells from a 
single donor. The mixture was shaken and kept in a re- 
frigerator over night. The tests were then read, usually 
after the racks were placed in an ice bath. The aggluti- 
nations in all positive tests were completely dispersed at 
37° C. The initial tests on each of these sera were car- 
ried out either on the day when the blood was obtained 
or within 3 or 4 days. The tests were repeated on large 
batches of sera at irregular intervals, either in connection 
with other tests of the same sera or when otherwise con- 
venient. The titers are expressed as the reciprocal of the 
greatest final dilution of serum that gave definite (1 +), 
coarsely granular, or floccular agglutination which was 
visible without magnification. 

RESULTS 

A total of 753 tests were done on the 248 sera, 
or an average of 3 tests of each serum. The 
original titers varied from 10 to 5120. In 19 of 
the. sera, one additional test was done after the 
titer had dropped below 10. The results obtained 
in the last test of these sera are not included in 
the analysis since they only confirmed the results 
of the previous one. Excluding these 19, there 
were 486 repeat test of the 248 sera and these 
formed the basis of the analysis which follows. 

The outstanding feature of the results of the 
repeated tests was the irregularity and unpre- 
dictability of the rate of deterioration of tlie cold 
agglutinin titers. To be sure, some of the v-aria- 
tions may be due to the different conditions to 
which some of the sera might have been subjected 
inadvertently. Many of these variations are not 
measurable since, in a general way, all of the sera 
were handled in the same manner. 

In a few siuximens, contaminants were en- 


countered, particularly in the form of molds or 
putrifying bacteria. The variations from the 
previous levels in such sera were not strikingly 
different from those observed in sera which had 
remained sterile throughout. In fact, some of 
the most heavily contaminated ones retained their 
original titers for several months after the con- 
taminants first appeared and without special treat- 
ment of the serum in the interim. In others, how- 
ever, there were varying degrees of hemolysis of 
the red blood cells which resulted from the con- 
taminants and which obscured the end-points. 

Considering the number of variables involved 
and the difficulty of measuring most of them, the 
total number of sera tested is obviously inadequate 
for the purpose of defining accurately the rate of 
deterioration of the cold agglutinin titers in re- 
lation to all of the factors involved. One feature 
which seemed to be important in determining the 
persistence of the cold agglutinins was the in- 
tensity of the original reaction and this was, in 
general, proportional to the titer of the serum. 
The results are, therefore, considered in relation 
to the titers obtained in the initial and subsequent 
tests. Unfortunately, circumstances did not per- 
mit complete studies of all of the sera at the same 
intervals or at frequent and regular inten^als. 

A few points require comment. In the first 
place, some of the sera were exhausted earlier 
than others. In addition, some of them lost their 
agglutinating properties earlier than others. The 
numbers of sera in which this took place naturally 
accumulated with time and the deteriorated sera 
were not retested after the titer dropped below 10, 
except as already mentioned. The accumulated 
results of the later tests, therefore, appear to de- 
note less deterioration than was actually the case. 

Titers higher than the original ones were ob- 
tained in a number of sera that were retested at 
varpng intervals even after 16 months. Most of 
these higher titers were observed between 7 and 
15 months after the initial tests. Two possible 
explanations may be offered for tiiese results. 
Evaporation may conceivably account for the con- 
centration of tlie antibodies in some of the sera. 
Few, if any of the sera, however, showed .suf- 
ficient cvajwration to account for the olneri'cd 
2- or 4-foId increases in titer on th.e ki-is of tliat 
factor alone. -Another plausible c-xpl.ajiation for 
the higb.er titers depends uj>on the errors involved 
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in the tests. The higher titers in the later tests 
were obtained mostly in sera which initially had 
the lowest titers and the frequency with which 
these apparent increases were observed dimin- 
ished steadily as the original titers increased. 
Thus, about one-third of the tests which were re- 
peated on sera which initially had titers of 10 or 20 
showed 2- or 4-fold higher titers: — about 1 in 4 
of the sera with initial titers of 40; 1 in 6 of those 
which originally had a titer of 80; and about 1 
in 10 of those with original titers of 160 or 320 
had higher titers when retested. Among the sera 
in which the original titer was 640 or higher, none 
was found to have a greater titer when subse- 
quently retested. This correlation seems to be 
quite regular and probably is significant. It may 
depend, in part at least, on the fact that the end- 
points were more sharply defined in sera of high 
titers and less well defined in those of low titers 
so that errors in reading the original and subse- 
quent titers might be limited mainly to the sera of 
low titer. Some of these discrepancies may also 
depend on the use of cells from different donors. 

No other uniform or obvious trend could be 
discerned. A study of the individual sera in 
which 3 or more tests were done in the course 
of this study likewise revealed no uniformity. In 
some of these sera, progressively lower titers were 
obtained in each successive test. In others, there 
was an early drop in the titers which then re- 
mained stationary and occasionally even showed 
apparent increases of 2 or 4-fold over the results 
of the preceding tests. Still other sera showed 


higher titers in the second or third tests, or in 
both, and subsequent ones showed a drop in titer. 

The same variations were also noted with re- 
spect to the changes in titer resulting from ex- 
posure of the .sera to room temperature. In 
general, a larger proportion of the latter tests 
showed a drop in titer, and the reductions were, 
on the whole, considerably greater than those 
observed over much longer periods in the same 
sera before they had been exposed to room tem- 
peratures or in other sera which had not been 
exposed to the higher temperatures. Neverthe- 
less, the same general changes were noted, that 
is, some sera showed marked drops, others only 
moderate drops in titer, and still others showed no 
change or an apparent increase in titer in spite of 
the exposure to room temperature. 

These wide variations and the relatively small 
number of observations have made it difficult to 
define the pattern of the deterioration of the cold 
agglutinin titers. A few correlations were made 
and while they are of some interest, most of them 
are not very revealing. In Table I, there are 
listed the numbers of sera showing changes of 
various extent from the original cold agglutinin 
titers, arranged according to the time elapsed 
after they were first tested. The outstanding fea- 
ture revealed in this table is the relatively large 
proportion of the older sera which showed large 
decreases in titer or loss of cold agglutinins after 
exposure to room temperature. No striking pro- 
gression of the deterioration can be discerned from 
these results. In this table, of course, the height 
of the original titer is not taken into consideration. 


' TABLE I 

Deterioration of cold isohemagglutinins on storage 


Change from initial titer 

Months after initial determination 

Totals 

4 or less 

iOi 

7 to 9 

10 to 15 

16 or more 

2 or 4'fold increase 

2 

3(2) 

25(4) 

23(1) 

9(9) 

62(16) 

No change 

5 

8 

40(7) 

31 

7(7) 

91(14) 

2-fold decrease 

5 

11(3) 

37(7) 

21(2) 

18(18) 

92(30) 

4-fold decrease 

6 

6(1) 

20(4) 

21(2) 

12(12) 

65(19) 

8-fold decrease 

4 

7(2) 

10(1) 

12(2) 

18(18) 

51(23) 

16-fold or greater decrease 

1 

5 

7(1) 

12(6) 

13(13) 

38(20) 

Decrease to <10 * 

2 

11(8) 

17(7) 


27(27) 

87(58) 

Totals 

25 

51(16) 

156(31) 

150(29) 

104(104) 

486(180) 


* Not included above. ^ 

Numbers in parentheses refer to sera which had been kept at room temperature (20 to 25° C.) for 3 to 6 weeks prior 
to testing. 
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TABLE n 

Time of disappearance of cold isohemagglutinins in relation to original liter 


Initial titer 

Months after initial determination when titer first decreased to <10 

No. of sera 
tested 

Percentage 
of sera 
decreased 
to <10 

4 or less 

5 to 6 

7 to 9 

10 to 15 

16 or more 

Total 

10 


2(1) 


3(1) 

2(2) 

7(4) 

11 

64 

20 

1 

2(2) 

5(2) 

3(2) 

5(5) 

16(11) 

30 

53 

40 

1 

2(1) 

3 

9(4) 

5(5) 


33 

61 

80 


3(2) 

4(2) 

4(1) 

2(2) 

13(7) 

35 

37 

160 


2(2) 

2(2) 

7(4) 

5(5) 

16(13) 

46 

35 

320 



1 

3(3) 

8(8) 

12(11) 

55 

22 

640 



2(1) 

1(1) 


3(2) 

19 

16 

1280 to 5120 







19 

0 

Total <10 

2 

11(8) 

17(7) 

30(16) 

27(27) 

87(58) 

248 

35 

Number of sera tested 

25 

51(16) 

156(31) 

150(29) 

104(104) 

248* 



Percentage of sera 









decreased to <10 

8 

19(50) 

11(23) 

20(55) 

26(26) 

35 




Numbers in parentheses refer to sera which had been kept at room temperature (20 to 25° C.) for 3 to 6 weeks prior 
to testing. 

_* The apparent discrepancy between this total and the sum of the numbers to the left of it in the same horizontal 
line is due to the fact that many sera are listed in more than one of the vertical columns. 


The time of essential disappearance of the cold 
agglutinating properties of the sera is correlated 
with the original titers in Table II. As the 
original titer increased, there was a steady drop 
in the proportion of sera in which the titer was 
observed to drop below 10. This was, of course, 
to be expected. Thus, all of the sera in which 
the original titer was 1280 or higher retained some 
of the cold agglutinins throughout the period of 
study, whereas more than one-half of the sera in 
which the original titer was 40 or less, had 
dropped to a level below 10 in the same period and 
an intermediate number of those with original 
titers of 80 to 640 had such a drop. 

The proportion of all the cases in which a reduc- 
tion in titer occurred showed no uniform trend in 
relation to the length of time they were stored. 
This is due in part to the irregular proportion of 
cases of different titers which were examined at 
the different inter\'als. Furthermore, no allow- 
ance is made in this or in the preceding table for 
sera in which the titers had previously dropped be- 
low 10 and therefore were not included in the 
subsequent tests. Their inclusion would, of 
course, tend to increase the proportion of sera 
showing deterioration at successive inter\*a!s. 

An attempt was made to find an expression for 
the deterioration in titers of cold agglutinins that 
would include most of the important factors in- 


volved. It was necessary to take into account the 
original titers, the wide variation in the rate of 
deterioration from these titers -that occurred in 
different sera, and the fact that changes in titer oc- 
curred in geometric proportions. Any expression 
of the changes should tend to minimize the ob- 
served increases and give proportionately greater 
weight to the larger variations. If the original 
titer is represented as 5 X 2" and subsequent titers 
are indicated as 5 X 2"', the ratio of the sums of 
the exponents m and n would satisfy most of these 
qualifications. The ratio would represent an av- 
erage and provide a fair approximation of the pro- 
portion of tlie original titers which persist. In 
order to express the extent of deterioration, this 
ratio readily may be converted to express the per- 
centage drop from the original titer by applying 
tlie following formula: 

Index of deterioration (D) = ~ ^i~} ^ 

This indc.x has been calculated for all the sera 
tested at various intervals and also for the results 
of all of the tests done on sera which originallv had 
the same titer. The results are sliown in Table 
III. The effect of the c.xposurc to room tcmjwra- 
ture is also shown in this table anti was obtai::e'i 
by calculating separately the inde>: of deterioratio:! 
in those sera which had been so expose'!. 
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TABLE ni 


Estimation of the deterioration of cold isohcmagghilinhi tilers 


According to: 

Index of deterioration * 

A. 

All 

sera 

B. 

Sera stored 

3 to 6 weeks 
at 

20 to 2S° C. 

C. 

All sera 
excluding 
those listed 
in B 

Months of storage: 




4 or less 

29 


29 

5 to 6 

34 

54 

28 

7 to 9 

21 

29 

19 

10 to 15 

33 

67 

24 

16 or more 

49 

49 


Original titers: 




10 

IS 

100 

-38t 

20 

20 

53 

-lOt 

40 

41 

53 

35 

80 

36 

SO 

25 

160 

33 

54 

23 

320 

29 

47 

19 

640 

32 

38 

29 

1280 

33 

45 

25 

2560 

37 

46 

32 

5120 

32 

44 

25 

Total — All sera 

32 

48 

23 


* Index of deterioration (D) is calculated according to 
the formula: 


the original titer of the serum having the value 5X2" and 
each of the values subsequently observed being given the 
value 5 X 2"'. When the titer is <10, m is given a value 
of 0 for present purposes. 

t Titers were higher than the original ones. 

Note: The table showing all of the data upon which 
these numbers are based has been omitted to conserve space. 


From this table, it is seen first of all that de- 
terioration in the cold agglutinin titers was greatly 
accelerated by exposure to room temperature. 
Roughly speaking, there was approximately the 
same degree of deterioration during the 3 to 6 
weeks when the sera were exposed to room tem- 
perature as took place during the' entire preceding 
period of several months when the sera were kept 
in the refrigerator. This is also evident from the 
percentages shown at the foot of the columns in 
Table II. 

From the manner in which these data were ob- 
tained, it was not possible to demonstrate the 
progression of the deterioration with time. This 
has already been alluded to previously. The in- 
dex of deterioration, as shown in Table III, does 
not appear to be greater after different periods of 
storage except as this was influenced by the ex- 


posure to room temperature. When, however, 
account is taken of the progressive number of sera 
which had deteriorated to a titer below 10 at each 
successive interval, the index would tend to in- 
crease with time as miglit be expected. Tlic ef- 
fect of the height of the original titer on tlic de- 
terioration is also indicated in Table III, Among 
the groups of sera which originally had titers of 
10 or 20, there appears to be an increase rather 
than a decrease in titer. This is probably more 
apparent than real. The number of observations 
is small and, as already mentioned, the greatest 
errors are probably involved in the titrations of 
the sera which have such low titers. In all other 
sera, the index of deterioration was essentially the 
same and seemed to be independent of the original 
titer. 

DISCUSSION 

From the data presented, it is seen first of all 
that appreciable deterioration of cold agglutinin 
titers takes place with the usual type of storage of 
sera in an ordinary electric refrigerator over a 
period of several months. No uniform rate of de- 
terioration was noted in these sera and wide varia- 
tions occurred. In sera which had low or mod- 
erate titers, a large proportion retained their orig- 
inal titers or even showed apparent increases. 
Such increases over the original were not ob- 
served among the sera which originally had very 
high titers. Decreases in titer of vaiydng extent 
were observed among each of the various groups 
of sera that were tested. 

The results of the tests in sera exposed for a 
relatively brief period at room temperature showed 
similar variation. The deterioration, however, 
was more marked and occurred more regularly 
when compared with the changes observed after 
the longer periods of storage at 5 to 10° C. 

It is to be borne in mind that the sera on which 
this study is based were originally collected spe- 
cifically for the purpose of determining cold ag- 
glutinin titers. Precautions were taken to avoid 
adsorption of agglutinins from these sera before - 
they were separated and stored. Some data were 
obtained which indicated that some reduction in 
titer may take place if care is not taken to separate 
the serum at temperatures ranging between 20 
and 37° C. Only slight reductions in titer occa- 
sionally occur in sera of low or moderate titer 
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■which are separated at room temperature instead 
of at 37° C. Greater or significant losses can be 
demonstrated only in sera of very high titers (6,. 

7). 

Some evidence has also been obtained to indi- 
cate that the original cold agglutinin titers may be 
completely preserved by lyophilizing the serum. 
Through the courtesy of Dr. T. Hale Ham, a 
serum obtained from a patient -with acute hemo- 
lytic anemia in 1939 was tested for cold j^gluti- 
nins after it had been lyophilized and kept at room 
temperature for 4% years. The titer at the end 
of this period was identical with that obtained be- 
fore lyophilization. After the serum was recon- 
stituted, it deteriorated to a moderate extent dur- 
ing several months of storage in a refrigerator and 
markedly after it had been left at room tempera- 
ture. 

It is not unlikely that the negative results of 
. the tests for cold agglutinins in the sera collected 
from patients with primary atypical pneumonia 
during the 1941-42 season and tested more than 
a year later were the result of a combination of 
factors. These include: (I) the failure to observe 
proper precautions in order to avoid the loss of 
cold agglutinins during the collection and separa- 
tion of the sera, (2) deterioration of the cold ag- 
glutinins on storage, and ( 3 ) the original low ti- 
ters of the sera. The latter, in turn, may have 
been due to the fact that most of the cases from 
which those sera were obtained were relatively 
mild (2). These factors must be taken into ac- 
count in evaluating the quantitative results based 
on stored sera. 

Because of the wide variations observed and the 
relatively small number of sera and tests, it has 
been difficult to express the extent and rate of 
deterioration accurately. The proposed index of 
deterioration is an arbitrary expression intended 
to convey roughly the amount of drop in titer in 
terms of a percentage of the original titer. It is, 
necessarily, only a rough approximation of the 
amount of deterioration and takes into account 
several significant factors but not all of them. 
For example, there is no allowance made in this 
formula for \'ariations in the accuracs' of the test. 
It will, however, seia-e to point up the need for 
some simple method of measuring and expressing 
the deterioration in the biologic properties of sera. 


For more accurate estimation of the rates of de- 
terioration, it would be desirable to have large 
numbers of sera and test them all at the same reg- 
ular intervals. Qinical material is difficult to ob- 
tain and to handle in such a manner. 

According to the formula presented, tliere is es- 
sentially the same degree of deterioration in all 
sera, irrespective of their original titers. Ob- 
viously, cold agglutinin titers below some arbi- 
trary one, such as 10 or 20, that is considered to 
be the lowest significant titer, will be reached at 
different times depending on the original titer. 
Likewise, among the sera of any given age, the 
proportions which deteriorated to a level below the 
significant titer will increase in inverse proportion 
to tlie height of the original titer. In tire present 
study, unfortunately, the same sera are not repre- 
sented in each of the intervals so that such a pro- 
gression is not indicated. 

SUMMARY AND CONCLUSIONS 

The titer of cold isohemagglutinins was deter- 
mined in 248 sera at the time they were obtained 
and at irregular intervals during the ensuing 18 
months. The original titers of these sera ranged 
from 10 to 5120. The sera were stored through- 
out this period in an ordinary electric refrigerator 
which had a temperature range from 5 to 10° C. 
Many of them were kept at room temperature 
(20 to 25° C.) during the last 3 to 6 "iveeks be- 
fore the final tests were done. 

A large proportion of the sera showed signifi- 
cant deterioration in their cold isohemagglutinin 
titers after storage at refrigerator temperature for 
several months. The rate and extent of the de- 
terioration varied markedly in different sera. 
Many of those which originally had low or mod- 
erate titers retained those titers unchanged or 
showed an apparent increase even after more than 
a year of storage. Others showed decreases in 
titer of vary'ing e.xtcnt and at different iiuer\'a!.s. 

Deterioration of cold agglutinin titers occurred 
with greater regularit}- and at a much more rapid 
rate after the sera were allowed to remain at room 
temperature. 

Tile method of collecting sera and the factor of 
deterioration must be considered in tiie inteqireta- 
tion of the results of tests for cold agglutinins tiiat 
arc done on stored sc.-a. 
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The isolation of an indifferent streptococcus 
(Number 344) from the lung of a fatal case of 
primary atypical pneumonia has recently been 
reported (1) and its biological properties de- 
scribed. Convalescent sera from more than one- 
half of the cases of atypical pneumonia which were 
tested agglutinated this strain in final dilutions 
ranging from 1 ; 10 to 1 ; 160 whereas agglutina- 
tion in low titers occurred only rarely in the acute 
phase sera of such cases, in sera of normal indi- 
viduals, or in acute or convalescent sera from per- 
sons with other respiratory diseases. The re- 
sults of the streptococcal agglutination tests in 
atypical pneumonia correlated in many instances 
with the results of cold hemagglutination tests 
and with complement fixation tests with mouse 
lung antigen (2). In a number of cases, how- 
ever, positive results were obtained with only one 
or two of these tests. Similar strains were also 
isolated from other cases. 

The authors did not feel that their evidence 
warranted the conclusion that the bacterium is a 
factor in the etiology of primary atypical pneu- 
monia. Nevertheless, the fact that the positive 
findings were restricted largely to cases of atypi- 
cal pneumonia is of some interest. The present 
paper deals with the results of serological tests in 
cases of atypical pneumonia and of other condi- 
tions using streptococcus 344 and another similar 
strain (E. S.) isolated in this laborator}'. Tests 
for cold hemagglutinins were also done in all of 
the sera included in this study. 

MATERIALS AND METHODS 

A total of 25S <cra from 7S cases of atypical pneumonia 
and 320 sera from 163 other individuals were used in this 
study. The latter include serial specimens from 6 cases of 
rheumatic fever and S3 individual sera from non-rheu- 
matic carriers and non-carriers ot hcmolvtic streptococci. 
•Ml of the rheumatic patients and a nund>er of the others 


had recent streptococcal infections. The antistreptolysin 
titers of these sera were known. The sera and the anti- 
streptolysin data were generously provided by Drs. T. 
Duckett Jones and Benedict F. Massell, of the House of 
the Good Samaritan, who had carried out repeated throat 
cultures in these cases. Antistreptolysin determinations 
were also carried out in their laboratory on serial speci- 
mens from a number of the cases of atypical pneumonia. 
The sera in the atypical pneumonias were tested after they 
had been stored from 3 to IS months. All but a few of 
the remaining sera were tested within a few weeks of the 
time they were obtained. 

Streptococcal agglutinations were carried out in essen- 
tially the manner described by Thomas ct al. (1). A 
transplant of strain 344 was obtained from Dr. Thomas 
and strain E. S. was isolated in December 1943 from a 
sputum obtained late in the disease in a characteristic 
and severe case of atypical pneumonia. It was found in 
almost pure culture in this sputum and it had cultural, 
biological, and serological properties similar to those of 
strain 344. The antigens were prepared by washing the 
sediment of broth cultures 3 times in saline and then re- 
suspending it in saline in one-third of the original volume 
of the culture. The suspensions were then heated at 
65° C. for one-half hour and stored at 5° C. when not 
in use. For the tests, equal volumes of the antigens and 
of serial dilutions of serum, beginning 1 : 5, were incubated 
for 18 hours at 37° C. before reading. The positive sera 
gave floccular agglutinations similar to those obtained 
with pneumococci. Some of the control sera gave a finely 
granular type of agglutination in tlic lowest dilutions and 
these were visible only with the aid of a magnifying lens. 
The titers were read as the reciprocal of the highest final 
dilution of scrum giving floccular agglutination. The 
method used in the cold hemagglutination tests is de- 
scribed in a previous paper (3). 

RESULTS 

The numlicr of cases in each of tiie various 
groups studied and the maximum titers of ag- 
glutinins obtained in the case.? of each grouj), Iv.t'n 
with strain 344 and with strain E.S.. arc sh.o-.vn 
in Tabic I. It i.s .veen at a glance tli.i! !;:e maxi- 
mum titers in case? of jirimary atypical pr.cur.'.'xvri 
diftcred from tliose fmmd in each of Ir.c ot!;.-r 
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groups. Titers of 40 or higher were obtained in 
about one-half of the cases of atypical pneumonia 
when strain 344 was used and in about three- 
fourths of the cases when strain E. S. was used. 
Such titers were obtained in only 5 per cent or 
less of the cases in the other groups with either 
of the two strains. In general, the agglutination 
Avhich occurred in the sera of cases other than 
atypical pneumonia were qualitatively less marked 
than were the agglutinations that occurred in 
similar dilutions of sera from cases of atypical 
pneumonia. Furthermore, the development of 
agglutinins for the indifferent streptococci and 
the occurrence of rises in titer or of increases in 
the intensity of the agglutination during the course 
of the disease or in convalescence was limited al- 
most entirely to the cases of atypical pneumonia. 

Before considering the results in the cases of 
atypical pneumonia a few of the relevant features 
of some of the- other cases of interest,' particularly 
those in which the maximum titers of strepto- 
coccal agglutinins was 40 or higher, will be con- 
sidered briefly. 

In one of the normal subjects who did not have any 
respiratory infection and was not a carrier of hemolytic 
streptococcus, the titer of agglutinins was 320 for strain 


344 and 1280 for strain E. S. These agglutinations were 
obtained in a single speeimen of serum which was cloudy ; 
the agglutinations were flufTy in all of the dilutions and 
the substrates were not clear as in oilier sera in which 
strong agglutination occurred. There were no cold hem- 
agglutinins in this scrum. 

One of the cases listed among the non-respiratory in- 
fections was a case of fever of undetermined origin that 
lasted many weeks and failed to respond to sulfonamides, 
penicillin, salicylates, and non-specific therapy. The titers 
obtained in several sera in this case were all 40 w'ith strain 
344 and 20 or 40 with strain E. S. There were no cold 
agglutinins in any of this patient’s sera. 

Four of the cases of bacterial pneumonia arc of. interest. 
In one of them, a titer of 20 was obtained with both of 
the strains during the fourth and fifth week of the disease. 
Serum obtained during the seventh week gave a titer of 
80 with strain 344 and 40 with strain E. S. This patient 
had type 7 pneumococcus pneumonia and a recurrent and 
prolonged bacteremia probably due to bacterial endocardi- 
tis. He recovered following intensive penicillin therapy. 
There were no cold agglutinins in any of his sera. In a 
second case, the titer with strain 344 rose from 20 to SO 
and that for E. S. rose from 40 to 160. This patient had 
a diffuse bronchopneumonia of both lower lobes; type 12 
pneumococcus was obtained from the sputum; blood cul- 
tures were negative and the leukocyte count was 4,850 
during the acute stage of the disease and rose to 14,000 
later. He showed a very slow response to treatment with 
penicillin and may have had an underlying atypical pneu- 
monia of non-bacterial etiology. Cold agglutinins, how- 


TABLE I 

Occurrence of agglutinins for two strains of indifferent streptococci in cases of primary atypical pneumonia 
associated with cold agglutinins and in various other conditions 


Diagnosis 

Maximum agglutinin titer 

Total 
number 
of cases 

Streptococcus 344 

Streptococcus E.S. 

<10 

10 

20 

40 

80 

or 

higher 

<10 

j 

10 

20 

40 

80 

or 

higher 

Primary atypical pneumonia, all cases 

■ 

11 

23 

15 

22 

1 

8 

11 

15 

43 

78 

Cold aeglutinins: 20 to 80 

Km 

5 

5 

4 

6 

1 

1 

i 

6 i 

3 

12 

23 

(Maximum titers) 160 to 320 


i 5 

11 

4 

7 

0 

6 

3 

4 

17 

30 

640 or higher 

1 

1 

i 

7 

7 

9 

0 

1 

2 

8 

14 

25 

Hemolytic streptococcal infections 

6 


1 



7 


1 * 


1 

10 

Carriers without infection 

17 


3 



21 


3 



33 

Acute rheumatic fever ^ 

3 





4 

1 1 

1 ! 



6 

Subacute bacterial endocarditis 

3 

1 


1 

■ 

3 


' i 

1 


6 

Bacterial pneumonia 

17 

5 i 

5 1 



15 


6 

3 

1 

29 

Influenza A 

11 

1 

1 



11 

1 

1 



13 

Other respiratory infections 

6 

1 * 

1 


■ 

6 


1 



7 

Non respiratory ii^’ections 

11 

3 

1 

1 

■I 

9 

6 



1 

16 

Normal (non-strep, carriers) , 

15 

15 

8 



19 

11 

8 


1 

39 

Hemolytic anemia (no pneumonia) 












(cold agglutinins 40 to 2560) 

4 





4 



i 


4 

Total — not atypical pneumonia 

93 

45 

20 

2 

3 

99 

35 

1 

22 

4 

3 

163 
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ever, were not obtained in any of the sera in this case. 
In a third case, streptococcal agglutinins were not dem- 
onstrated during the acute phase and titers of 20 and 40 
were obtained with strains 344 and E. S., respectively, 
early in convalescence. The patient had diffuse broncho- 
pneumonia; type 18A pneumococci were obtained in the 
sputum and blood cultures were negative. The illness in 
this case was complicated by cirrhosis of the liver, pul- 
monary tuberculosis, nitrogen retention in the blood, and 
congestive heart failure. The response of the pneumonia 
to penicillin was slow but the patient eventually recovered. 
In this case, the cold agglutinin titer was 20 both early 
and late in the disease. In the fourth case, the titer of 
streptococcal agglutinins obtained with each of jAe two 
strains during the acute phase was 10 and the titers 
convalescence were 20 and 40 with strains 344 and E. S., 
respectively. This patient had typical lobar pneumonia; 
types 7 and 23 pneumococci were obtained from the spu- 
tum early in the disease ; blood cultures were negative and 
the patient showed a good response to penicillin therapy. 
There were no cold agglutinins in any of his sera. 

One of the cases of influenza is of particular interest. 
In this case, the illness began at the end of February 1944 
and an influenza virus was isolated from throat washings 
obtained early in the course of the disease but this virus 
could not be identified as influenza A or B. This was 
the only case of clinical influenza among a large number 
studied during that season (4) in which cold agglutinins 
developed. Cold hemagglutinins could not be demon- 
strated in the first Uvo sera obtained in this case during 
the acute phase of the disease but they appeared during 
convalescence and reached a maximum titer of 80. Weak 
agglutination for both strains of indifferent streptococci 
was obtained in a titer of 40 in the acute phase sera and 
stronger agglutination occurred in the convalescent sera 
in the same titer with strain E. S. and in a titer of 80 
with strain 344. There were a few rales heard in the 
lungs of this patient during the febrile period but x-rays 
were negative. It is possible that this represents a mild 
case of primary atypical pneumonia. 

One additional case is of interest because of the oc- 
currence of cold agglutinins. In this case, a cold hemag- 
glutinin titer of 160 was obtained both in acute and con- 
valescent sera but agglutinins were not demonstrated 
cither for strain 344 or for strain E. S. This was a case 
of lobar pneumonia in which type 7 pneumococci were 
obtained from the sputum, blood cultures were negative, 
and the patient responded favorably to penicillin therapy. 
In this case, however, there was a history of severe cough 
of 3 weeks’ duration prior to the abrupt onset of the 
s>Tnptoms of lobar pneumonia. This u-as the only case of 
l>actcrial pneumonia in which cold agglutinins were dem- 
onstrated in any significant titer. 

CORRHUtTION OF STREPTOCOCCAL AND COLD 
HEMAGGLUTININ TITERS 

There was sonic correlation, lliougli not a verv 
close one, between the maxiniuni titers of cold 


isohemagglutinins and the maximum titers of ag- 
glutinins for the two strains of indifferent strep- 
tococci. The correlation was somewhat better 
with strain E.S. than with strain 344. In in- 
dividual sera, there were wide discrepancies be- 
tween the titers of cold agglutinins and of the 
streptococcal agglutinins. There were some in- 
stances in which relatively high titers of strepto- 
coccal agglutinins were noted in sera with only 
low or moderate titers of cold agglutinins and 
others in which low titers of streptococcal ag- 
glutinins were obtained in sera which had cold 
agglutinins in high titer. The titers obtained with 
the two strains of indifferent streptococcus, how- 
ever, were in much closer agreement. In general, 
the titers were higher in the cases of atypical 
pneumonia with strain E.S. than with strain 344. 
On the other hand, agglutinins with strain E.S. 
were observed more frequently during the acute 
stage of the disease. In the sera of cases other 
than atypical pneumonia, the titers obtained with 
the two strains were more nearly identical. A 
better idea of the relation of the cold agglutinin 
titers and the titers for strains 344 and E.S. to 
each other and to the course of the disease in 
cases of atypical pneumonia may be had from the 
data shown in Table II. 

Cross absorption tests were done in a few of 
the sera which showed both cold hemagglutinins 
and agglutinins for the indifferent streptococci. 
The results were uniform and corresponded to 
those reported by others (1). Absorption at 
37° C. with strain 344 completely removed the 
agglutinins for this strain and for E.S. but left 
the cold hemagglutinin titers intact. The same 
was true when strain E.S. was used. Absorption 
in the cold with human O cells removed the cold 
hemagglutinins but left the agglutinins for the two 
strains of streptococci unaffected. 

RELATION OF AGGLUTININS FOR INDIFFERENT 
STREPTOCOCCI TO HEMOLYTIC STREITO- 
COCCAL INFECTIONS AND TO THE ANTI- 
STREPTOLYSIN TITER OF THE SERUM 

Through the courtesy of Dr. T. Duckett Jones, 
many of the sera used in the present stunv were 
tested for tlieir content of antistreptolysin. Tlierc 
was little difference in the streptococcal agglutinin 
titers obtained in the cases of rlituni-itic fever 
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TABLE II 

Comparison of cold isohcmagglnlinin titers and titers of af^glulinins for Hvo strains of indifferent streptococei 
in selected cases of primary atypical pneumonia of unknmvn etiology 


No. 

Days 

after 

onset 

Agglutinin titers 

First 

day 

afebrile 

No. 

D.ay.s 

after 

onset 

Agglntinln liters 

Eir-Jt 

d.ry 

nfelvile 

Cold 

(Iso-) 

strep. 

344 

Strep. 

E.S. 

Cold 

(Iro-) 

Strep. 

.lit 

Strep. 

E.S. 

1 

9 

0 

20 

80 

19 

6 

8 

0 

0 

40 

10 


13 

10 

80 

320 



10 

20 

80 

80 



18 

1280 

160 

320 



14 

160 

160 

160 



21 

160 

80 

320 



28 

20 

160 

160 


2 

9 

20 

0 

10 

14 

7 

8 

0 

■ ■ 

10 

17 


13 

320 

0 

10 



11 

20 


40 



14 

320 

20 

40 



15 

640 


160 



16 

640 

20 

40 



19 

320 


80 



19 

320 

20 

80 



24 

320 


20 



21 

40 

80 

80 



29 

40 

40 

40 



87 

10 

0 

0 



48 

0 

20 

20 


3 

7 

0 

10 

20 

10 

8 

11 

0 

0 

0 

13 


11 

20 

20 

40 



16 

40 

0 

10 



13 

40 

20 

80 



18 

80 

10 

20 









23 

160 

20 

40 


4 

10 

40 

0 

20 

20 


29 

20 

20 

40 



11 

80 

0 

20 









13 

320 

20 

20 


9 

11 

640 

80 

160 

16 


15 

320 

20 

40 



19 

1280 

40 

160 



19- 

320 

20 

80 



46 

10 

10 

20 



21 

160 

40 

160 









24 

640 

40 

80 


10 

13 

0 

0 

20 

21 


27 

160 

40 

40 



21 

320 

20 

40 



29 

320 

20 

40 



28 

320 

40 

320 



33 

320 

20 

40 









64 

160 

10 

0 


11 

12 

320 

40 

20 

26 








19 

2560 

160 

160 


S 

10 

0 

0 

20 

20* 


26 

5120 

40 

160 



17 

10 

40 

160 



29 

640 

10 

0 



21 

40 

20 

160 









24 

0 

20 

40 


12 

9 

0 

0 

0 

26 








16 

40 

0 

0 









26 

640 

40 

40 



* Relapse of fever on day 21, died of hemolytic streptococcal superinfection on the 24th day. 
In this table, titer 0 = < 10 (the lowest dilution tested). 

See also Figures 4 to 7 — in paper II of this series for additional cases. 


and in the non-rheumatic subjects, irrespective of 
whether or not they were carriers of hemolytic 
streptococci. Furthermore, there were no differ- 
ences in titers of agglutinins for each of the strains 
of indifferent streptococci in sera having a high 
titer of antistreptolysin and in those with low 
titers of the latter. In the cases of atypical pneu- 
monia, as in those of other diseases not associated 
with hemolytic streptococci, no significant titers or 
rises in titers of antistreptolysin occurred. This 
was true both in sera in which agglutinins for the 
indifferent streptococci developed and in those in 
which such agglutinins failed to appear. A few 
isolated sera obtained in various stages of the 
disease showed unusually high titers of antistrep- 
tolysin. In almost every instance, these sera 


were heavily contaminated, usually with putrify- 
ing bacteria. 

RESULTS IN CASES OF HEMOLYTIC ANEMIA 

In a previous paper of this series (5), sera of 
moderate or high cold hemagglutinin titer were 
subjected to a variety of adsorbing agents and to 
filtration through various types of bacterial filters. 
Some of these procedures removed the cold agglu- 
tinins from the sera, either entirely or in part. 
Some of these sera were obtained from cases of 
atypical pneumonia and others from cases of hem- 
olytic anemia. No differences were discerned in 
the behaviour of the sera obtained from these two 
types of cases with respect to the effect of these 
procedures. In the present study are included 
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sera from 4 cases of hemolytic anemia in which 
the cold agglutinin titers ranged from 40 to 2560. 
All of these sera failed to show any agglutinins for 
either of the two strains of indifferent streptococci. 
These findings suggest that agglutination with 
■these streptococci may serve as an aid in differ- 
entiating two types of hemolytic anemia, one re- 
sulting from atypical pneumonia and the other 
independent of that disease. This differentiation 
is- not an absolute one, however, since there were 
a small number of cases of atypical pneumonia in 
which the cold hemagglutinin titers ranged from 
160 to 2560 and agglutinins for both strain 344 
and E. S. were absent or occurred only in a titer 
of 10. 

DISCUSSION 

The serological findings previously reported 
(1) have been corroborated for the most part. 
As compared with these observations, however, 
agglutination with strain 344 occured with greater 
frequency in the acute phase of atypical pneu- 
monia, in normal individuals and in the cases of 
other infections included in the present study. 
Among the cases of atypical pneumonia, a signifi- 
cantly greater proportion had titers of 10 or 20 
than were found in other conditions. Titers of 40 
or higher were limited mostly to the sera from 
cases of atypical pneumonia. Moreover, the de- 
velopment of agglutinins for streptococcus 344 in 
the course of the disease and the occurrence of 
significant rises in titer were also limited almost 
entirely to the cases of atypical pneumonia. The 
results of the tests in which strain E. S. was used 
were, in general, parallel to those obtained with 
strain 344. The former was agglutinated in 
higher titers in many of the cases of atypical pneu- 
monia. With strain E. S., however, agglutination 
occurred more often in the acute phase sera of 
some of the atypical pneumonias. In sera from 
cases other than at 5 ’pical pneumonia, the agglutin- 
ations obtained with the two strains were more 
nearly alike. 

Strain E. S. was obtained with ease because it 
occurred in almost pure culture and u-as recog- 
nized and identified from a routine culture made 
from sputum on the surface of a blood agar plate. 
No systematic attempt was made to isolate strains 
of indificrent streptococci from other cases of 


atypical pneumonia or of other conditions. Histo- 
logical studies of the lungs in fatal cases, however, 
failed to reveal any evidence that such an organ- 
ism plays any part in the disease. 

Several features of the data presented are worth 
mentioning. In the first place, the sera in the 
cases of atypical pneumonia had all been stored 
for several months before the streptococcal ag- 
glutination tests were carried out. Sera from the 
remaining cases on the other hand, rvere either 
fresh or only a few weeks old when the}' were 
tested. The cold hemagglutinin titers had defi- 
nitely deteriorated and to a considerable extent in 
a larger proportion of these sera (6). It is pos- 
sible that the streptococcal agglutinins had also 
deteriorated to some extent in the serum of the 
cases of atypical pneumonia. If that is so, then 
the titers of agglutinins for the indifferent strepto- 
cocci in the cases of atypical pneumonia may have 
been higher than those recorded. The differences 
between the titers obtained in atypical pneumonias 
and in other conditions would then be correspond- 
ingly greater. 

On the other hand, the cases of atypical pneu- 
monia are not entirely representative.*^ They 
include only cases in which cold agglutinins were 
present. Sera from cases in which cold aggluti- 
nins did not develop were unfortunately not avail- 
able for this study. The occurrence of agglutinins 
for indifferent streptococci in characteristic cases 
of atypical pneumonia in which cold hemaggluti- 
nins do not develop cannot be stated from this 
study. The results of the cold agglutinin studies 
previously reported (3) and the correlations of 
the streptococcal and the cold hemagglutinin titers 
suggest that agglutination with the indifferent 
streptococci would probably develop less fre- 
quently and in lower titers in cases of atypical 
pneumonia in which cold hemagglutinins do not 
develop. The significance of the present findings, 
like those of the cold agglutinins, is a matter for 
speculation. The results reported in this paper, 
as well as those reported by others (1), indicate 
some relationship betsveen these indifferent strep- 
tococci and primary atypical pneumonia but, as 


* Clnractcrisdc cases o: pri.Tjr}- atypical 
were encountered only rarely during t!:r v. inter c: 
1W3— ?•?. Only stored sera v.cre, tl;erc!frc, afai;.'’.’.!' f.-'n: 
stsdr cases for tl-.is stuJv, 
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those authors have pointed out, they cannot be 
interpreted as indicating an etiological role for 
these streptococci. The findings, however, do 
suggest a possible antigenic relationship between 
the causative agent of primary atypical pneu- 
monia, of these indifferent streptococci and of 
human erythrocytes. The results of the absorp- 
tion tests suggest further that the antigen which 
these streptococci have in common with the un- 
known agent of atypical pneumonia is different 
from that which the latter shares with human red 
blood cells. It is possible, however, that the in- 
different streptococcus coexists as a non-pathogen 
which becomes antigenic in at3'pical pneumonia. 

One point which has emerged from the present 
studies is of interest and may have a limited 
significance from a hematological point of view. 
Cases may be encountered in which hemolytic 
anemia is discovered but the antecedent history 
is difficult to interpret. The present findings, 
though they are based on a limited number of 
cases, suggest that agglutination with strains of 
indifferent streptococci similar to 344 may serve 
as an aid in differential diagnosis. Agglutination 
of these strains in the serum of such cases would 
strongly suggest atypical pneumonia as the pre- 
disposing factor or antecedent illness in such a 
case. Failure to demonstrate such agglutinins 
would tend to rule out this possibility, but will 
not definitely exclude it. 

SUMMARY AND CONCLUSION 

Sera obtained from 78 cases of atypical pneu- 
monia and from 163 other persons, including 
normal subjects and patients with various types 
of streptococcal disease and of other respiratory 
infections, were tested for agglutination with the 
indifferent streptococcus 344 and with a similar 
strain isolated from the sputum of a case of atypi- 
cal pneumonia. In conditions other than atypical 
pneumonia, maximum titers of 10 or 20 were ob- 
tained with either strain in about one-third of the 
cases and higher titers were obtained in only 5 
per cent or less. In cases of primary atypical 
pneumonia, on the other hand, only a few failed 


to show agglutination with these strains, while 
one-half of the patients developed maximum titers 
of 40 or higher for strain 344 and three-fourths 
of the patients developed agglutinins in such titers 
for strain E. S. 

There was some correlation, though not a very 
close one, between the maximum cold isohemag- 
glutinin titers and the maximum titers of aggluti- 
nins obtained with the two strains of indifferent 
streptococci. Cross absorption tests indicate that 
these two kinds of agglutinins are unrelated. 

There was no correlation whatever bchveen the 
titers of cold hemagglutinins or of the agglutinins 
for the indifferent streptococci and the antistrepto- 
lysin titers of the sera. This was true both in the 
cases of atypical pneumonia and in those of hemo- 
lytic streptococcal infections. 

The agglutination of indifferent streptococci 
similar to those used in tliis study may serve as 
an aid in the differential diagnosis of certain cases 
of hemolytic anemia, 
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The study of sensation in intact human skin 
has revealed that noxious stimulation results in 
the perception of pricking and burning pain (1, 
2). Furthermore, patients with peripheral neuro- 
pathy often experience burning pain on contact 
with the bed clothes or with slight manual pres- 
sure, and yet report an impaired perception of 
pricking pain. There is disagreement as to 
whether these are entirely different qualities of 
pain, or rather aspects of the same quality, seem- 
ingly different because of time factors. An at- 
tempt has been made with quantitative methods 
to understand the significance of these two pain 
sensations of the skin. 

METHOD 

The technique 'which utilizes radiant heat as a source 
of painful stimulation (3) was used for measuring the 
threshold for both "pricking” and "burning” pain. Ob- 
servations were made of the amount of thermal radiation 
just necessary to produce the sensation of pain. The 
light from a 1000 watt bulb was focussed on an area of 
blackened skin 3.5 cm.’ in area. Intensity of stimulus was 
measured in gram cal. per sec. per cm.’. An automatic 
shutter allowed the light to fall on the skin area for a 
measured period of time. At the end of a trial, the in- 
structed subject reported the sensation. If no pain was 
experienced, the intensity was increased and the proce- 
dure repeated at 60-sccond intcrs-als, until the subject just 
perceived pain at the end of the exposure. The amount of 
energy ncccssarj- to produce pain was measured by a 
radiometer, and several measurements agreeing within 
eh 5 per cent were taken to establish the threshold. 

Each subject was carefully instructed as to the purpose 
and method of tlic investigation. For the “prieJung" pain 
threshold there was clearly described the sensation of 
w.-irmth mounting into heat whidi would suddenly, just 
at the end of a given exposure, ‘‘draw togcUtcr” into a 
slurp prick or tingle. It was also demonstrated tlut tlic 
pain threshold or the “edge of pain” which the subject was 
asked to report would be similar to the sensation per- 
ceived on striking a pin point lightly against the skin. 
For the "burning” pain tlircshold. t.bc sensation cf warmtii 


was described as mounting into heat which would turn not 
quite so suddenly, but nevertheless definitely, info a burn- 
ing pain which could best be perceived at the end of a 5- 
to 10-second exposure. This “burning” pain is localized 
readily in the area stimulated. There is no punctate dis- 
creteness, but rather a blunt or slightly diffuse character 
to the sensation. The location ol the pain is perceived as 
less superficial than that of “pricking” pain and is some- 
times described as deeply penetrating, especially by some 
patients with lesions of peripheral nerves. A character-, 
istic feature of this "burning” pain is its longer duration] 
as compared with “pricking” pain. I 

When the duration of stimulus was less than 3 sec- 
onds, differentiation of the “burning” pain threshold from 
the "pricking” pain threshold was difficult. The trial 
exposures to the heat stimulus were well under the 
threshold, to demonstrate the sensation of heat tvithout 
pain. This was especially important with anxious, ap- 
prehensive subjects. It was found that untrained but 
instructed subjects could most readily distinguish the end- 
point for "burning” pain with a 5- to 10-sccond exposure, 
whereas a 3-second exposure had been found most suitable 
for discerning a sharp end-point for "pricking” pain. 

When an explanation of the technique and the sensation 
to be experienced was not dearly given, the subjects were 
doubtful what the end-point might bo and were over- 
anxious to be cooperative and certain and therefore waited 
until they had experienced a “good, sharp jab of pain” 
before reporting an end-point. Thus, considerably more 
variation in the individual evaluation of the pain threshold 
existed without instruction as to wliat to observe and 
report, than with such instruction. 

The instruction which was given to the subjects was in 
the same category as that given to a student to enable 
him to read an end-point in a titration, or in a colorime- 
ter, or to read a Vernier Scale. In other words, it was 
the aim to instruct the subject as to what was tlie exact 
target he was expected to hit 
Once Uie instruction was presented and tlie obterva- 
tion begun, further instruction and suggestion were scru- 
pulously avoided. Ti;c sulijcct was not told by ti-.e ep- 
crafor during the tests that .at t-iis cr that stare of the 
procedure he would cxpe:ritr.ce pain, cr tluil ”r.ov/ jr.u 
will feci jesin.” In fact, rva surgesticn v. i-a;ttver v.-as r.tada 
during ti:e pe.-icri of the reading. 

The mctiicd emikycd in ti*.c;e experinamt; 
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quantitative measurement of pain threshold was similar 
to that which has been used iii other investigations and 
the procedures have been reported elsewhere (3 to 10). 

■ I. COMPARISON OF PROPERTIES OF “bURNING” AND 

^.“pricking” pain 

Observations — i' ... 

\ ‘ . . 
Series 1. The,^' threshold for “burning” pain 

was ascertained oh^tlie skin of the forehead of 23 


subjects. In this limited scries, the variations 
from subject to subject were ±: 16 per cent. The 
data for “burning" and "pricking” pain thresholds 
on the skin of the forehead of 11 subjects arc 
averaged and represented in Figure 1. Invari- 
ably, on normally innervated skin, the threshold 
for “burning” pain was found to be lower than 
that for “pricking” pain. 


'I ' 
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Series 2. The effects of analgesic agents upon 
the thresholds of “pricking" and “burning” pain 
were observed. Six observations were made on 
3 subjects. It was found that ethyl alcohol (60 
ml., 95 per cent) raised The threshold of both 
“burning” and “pricking” pain about the same 
percentage above their control levels. Acetyl- 
salicylic acid also raised the threshold of both 
“burning” and “pricking” pain approximately the 
same percentage above control levels, although, to 
be sure, these 2 agents differed from each other 
in their effects (6, 9,- 10). 

Series 3. To ascertain •' whether spatial sum- 
mation occtirs with “burning” pain, pain thresholds 
were measured on areas of skin 0.4 cm.- to 11.6 
cm.^in' area, on 4 subjects in 5 trials. Thresholds 
for “burning” pain in these subjects varied no 
more than 25 per cent from the smallest to the 
largest areas of skin stimulated, which indicates 
that no spatial summation of significance occurs. 
It has already been demonstrated that significant 
spatial summation does not occur for “pricking” 
pain (3). 

-.Series 4. Comparative observations of pain 
thresholds were made on the skin of the forehead 
and on^'the surface of the glans penis in 7 of the 
11 normal subjects, and the data of the observa- 
tions are represented in Figure 1. The “burn- 
ing” pain threshold on the glans was found to be 
the same as on the skin of the forehead. As the 
intensity of the stimulation on the surface of the 
glans was increased on further trials, the “burn- 
ing” sensation became more intense until either a 
“pricking” component was experienced, or the 
subject stated that he was unable to distinguish 
the sensations. With stimuli of high intensity 
and short duration, a distinction between the 2 
end-points was extremely difficult and data about 
these 2 end-points under such circumstances are 
unreliable. From Figure 1, it is ewdcnt that the 
thresholds for "burning” pain both on the glans 
and on the skin of the forehead were approxi- 
mately the same for stimuli of longer duration. 

• Tiic threshold for "pricking” pain on the glans 
appeared to be higher than on the skin of the fore- 
head, but owing to the difficulty of pcrccinng 
“pricking" pain on the glans, these quantitative 
ns]>ects of the data cannot be accepted too literally. 

Series 0 . Thrcsliolds for “burning” and 
"pricking" pain were ascertained in 4 trials on 3 
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subjects who had “sunburns” or ultraviolet bum, 
of various degrees ob'/severity. The threshold 
for “pricking” pain was reduced 43 to 52 per cent; 
that for “burning” pain' 63 to 97 per cent from 
their respective control levels, ascertained on the 
same areas of skin on a day previous to the tissue 
damage (Table I). 

TABLE I ■ - ■ 

f 

Skin inflammation and pain thresholds 



, 1 

1 

. 4 ’’ ! 

Pain threshold 



change 

Sub- 

Area of skia 

’ :How ' 



ject 

injured 

^•injured 

“Prick- 

"Bum- 




iag” 

ing** 




per ctnl 

N. B. 

Over deltoid muscle 

Sunlight 

1 -43 

-63 

N. B. 

Over forearm 

Ultraviolet 

lamp 

Sunlight 

-52 

-97 

I. H. 

Over deltoid muscle 

-51 

-86 

0. B. 

1 

Over deltoid rriuscle 

Sunlight 

-47 

-92 


Comment 

Schumacher (11) has also reported the reduc- 
tion of the “pricking” pain threshold of inflamed 
skin. The greater reduction in the “burning” 
pain threshold in inflamed areas of skin explains 
why slight stimulation of a “sunburned” skin 
characteristically elicits a “burning” pain sensa- 
tion. 

Scries 6. In a patient with radiculitis, the 
thresholds for "pricking” and "burning” pain over 
an area of “hyperalgesic” skin of the left arm, 
were compared with normally innervated skin 
areas on the arms and on the forehead. The 
threshold for “burning” pain was about 20 per 
cent lower on the abnormally innerr'ated skin 
area, whereas the threshold for "pricking” pain 
was elevated about 20 per cent (Figure 2). 

A patient had "Iwpoalgesia" to pin prick on 
parts of his left hand. Rubbing the skin induced 
a burning sensation. At surgical operation, a 
displaced inter\'ertcbral disc of the sixth cervical 
vertebra was found. In Table II arc shown the 
threshold measurements for "buniing” and “prick- 
ing” pain ascertained on control areas of the in- 
tact hand and on the forehead, cnmjiarcd with 
thresholds ascertained on the anected hand. The 
quantity of radiant energy required to attain the 
tl'.reshold of "buniing" .and "priclnng" pain at 
\'ariou5 lime exposures is expressed in grant cal. 




per sec. per cm.^. From this table, it can be seen 
that the threshold for the “burning’' pain of the 
abnormally innervated skin was less than on con- 
trol areas, whereas the threshold for "pricking” 
pain was higher on the abnormal skin than on 
control areas. 

TABLE ir 

Thresholds for “burning" and “pricking" pain on an area 
of "hypoalgesic" skin compared with thresholds 
on control areas 


Lencth 

of 

Thresholds for ‘‘burning" 
pain 

Thresholds for "pricking" 
pain 

stim- 

ulus 

Con- “Hypo- 

trol algesic” 

Devia- 

tion 

Con- "Hypo- 

tro! algesic" 

Devia- 

tion 

seconds 

5 

10 

15 

gram cal, ter sec. 
ter cm.^ 

0.134 0.089 

0.112 0.068 
0.096 0.064 

per cent 

\ -33 
-40 
-34 

gram cal, ter sec, 

1 per cm,^ 

0.181 0.219 

0.152 0.178 

0.113 0.142 

per cent 

\ +21 
+ 17 
+26 


Series 7. Seventeen patients with "hyper- 
algesic skin due to peripheral nerve disorder 
were observed. Three patients with herpes zoster 
and 14 patients with peripheral neuritis, from 
such varied causes as nutritional deficiency, dor- 
sal root inflammation, and diabetes, exhibited a 
lowered threshold of “burning” pain, IS to 35 
per cent below control thresholds of normal skin 
areas on the same subject. Frequently, the 
"pricking” pain threshold in the affected areas 
was elevated. 

Series 8. “Hyperalgesia” was experimentally 
produced in 6 subjects by occlusion of the cir- 
culation of the upper arm with a blood pressure 
cuff inflated to 200 mm. Hg for 35 to 75 minutes. 
Care was taken that the arm was not moved and 
ftat pain did not occur spontaneously. If pain 
developed, the experiment was discontinued It 
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is known (3) that' when the surface of the skin 
is cold, more radiant energy is required to elicit 
pain than when the skin surface is warm. Since 
the skin temperature of an ischemic arm falls 
gradually to room temperature, the latter was kept 
at 30 to 31° C. during experiments. Measure- 
ments of pain thresholds were made on the dor- 
sum of the wrist at intervals of 2 to 3 minutes. 
There was observed a slight fall in “pricking” 
pain threshold during the first 10 minutes, fol- 
lowed by a rise (see Figure 3). The threshold 
•for “burning” pain, however, fell for about 20 
minutes and began to rise after 25 minutes of 
ischemia. Thus, between 10 and 25 minutes, the 


“burning” pain threshold was depressed 28 to 
32 per cent, while the “pricking” pain threshold 
was rapidly elevated. It was also noted that as 
the threshold of “burning” pain became depressed 
during the ischemia, the pain elicited by noxious 
stimulation of the skin persisted often for 5 
seconds or longer, after the stimulus ended. 

The persistence of pain after a noxious stimulus 
was most evident when the threshold of “burn- 
ing” pain was most depressed. However, the 
“after pain” gradually diminished in duration as 
the threshold of “burning” pain became elevated 
during prolonged ischemia, and finally was not 
to be noted as the arm became almost insensitive. 
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. "pricking” 

OR 


"BURNING’' OR "SECOND” PAIN 



NORMAL SKIN 
"HYPER ALGESIC" 
SKIN 




Fig. 4. Schematic Representation of Temporal Components of "Burning” and "Pricking” Skin Pain in 
-Healthy Persons as Contrasted with Patients Having “Hyperalgesia" Associated with Peripheral Neu- 
ropathy 


In one trial, when ischemia was maintained for 
75 minutes, complete analgesia ensued. 

II. THE DOUBLE RESPONSE 

Many investigators have demonstrated that 
when pain is induced by pin prick or heat in the 
distal parts of an extremity, the sensation of 
“pricking” pain is followed after a painless inter- 
val by a second painful sensation. This has been 
called the "double response” (1, 2, 12, 13) (Fig- 
ure 4) . An attempt has been made in the follow- 
ing experiments to ascertain whether the quality of 
the first pain response, or rapidly perceived pain 
which will be designated as “fast” pain, was 
identical with that of the second response or the 
pain perceived later. The latter will be- desig- 
nated as “slow” pain. 

Method 

For purposes of pain stimulation, a sharp needle was 
thrust briefly and superficially into the skin surface; a 
brass cylinder heated to about 65° C. was briefly touched 
against the skin; also, the Hardy, Wolff, Goodell pain 
threshold apparatus was used to stimulate pain by radiant 
heat. These noxious stimuli, both pin prick and thermal, 
were applied on the distal portions of the upper and lower 
extremities. In a second series of observations, experi- 
mental “h>'peralgesia” in normal subjects was achieved by 
wrapping a- blood pressure cuff around the u'ppei' arm and 
keeping it inflated to 200 mm. Hg throughout the experi- 
ment (35 to 75 minutes). For “procaine block” a solu- 


tion of procaine hydrochloride, 1 per cent, was infiltrated 
either into the tissues around the ulnar nen'c, or sub- 
cutaneously. 

Series 1. Observaiious on the txvo qualities of 

pain of the double response 

a. Nineteen subjects noted the double response 
and each subject was asked whether he considered 
the two sensations of similar quality. Eight sub- 
jects considered that they were the same; 2 would 
make no decision and 9 were convinced of a 
difference. 

b. A patient with “hyperalgesia” on his left 
hand, resulting from dorsal root disease, easily 
distinguished a double response to pin prick. He 
reported that the first sensation, or “fast” pain 
was that of a sharp pin prick, and the second, or 
‘‘slow” pain was of longer duration and not 
“pricking.” He was of the opinion that 'the., 
‘‘slow” pain was different in quality from the, 

fast. On testing the other, or intact, upper 
extremity, the double response was also noted, 
but here the patient was uncertain whether the 
two pains were different in quality. 

c. A patient with ‘ hyperalgesia,” paresthe'iias, 
and wasting of the extremities resulting from 
peripheral neuropathy associated Avith nutritional 
deficiency, was certain that the second sensation . 
was of a different quality from the first, de- 
scribing the first as brief “pricking” and the’- ^c- 
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ond as a prolonged “burning” sensation (Figure 

4 )- 

d. A patient with “hyperalgesia” of the right 
arm associated with a herpetiform eruption, when 
pricked on the affected side, described a sharp, 
brief “prick,” followed by a prolonged “burning” 
sensation; on his intact arm, the two sensations 
were considered to be the same (Figure 4). 

Comment 

The reports of 19 normal subjects demon- 
strated again that the qualities of the two pain 
sensations of the double response on normal skin 
are not readily defined. The duration of each 
sensation was short and a- contrast of their qual- 
ities difficult. 

Boring (2) spent 15 months testing sensation 
on his arm and came to the conclusion that the 
qualities of the first and second responses differ. 
Lewis (13, 1), performing similar experiments 
with his co-workers, came to the conclusion that 
they were the same. The observations cited in 
b, c, and d, above, are more significant than those 
on normal subjects because the prolonged dura- 
tion of the second or “burning” quality on patients 
with peripheral neuritis and dorsal root disease 
afforded a better opportunity for discrimination. 
These observations suggested again that the sen- 
sations associated with the first and second re- 
sponse are not identical. 

In the following experiments, similar to those 
performed by Lewis and Pochin (12), an attempt 
has been made to ascertain which nen^e fibers 
subsen'e "burning” and “pricking” pain sensa- 
tions. 

Scries 2 

1 a. In 3 subjects, ischemic block of the forearm 
■ lasting 35 to 75 minutes was produced. The 
“fast” pain was abolished long before tlic “slow” 
pain. A pin was used for stimulating. After 
35 minutes of ischemia, no sensation was felt im- 
mediately upon impact of the pin. After about 
a second, however, a "burning” sensation was 
perceived. Pain of this "burning” qualit)- n-as 
also produced by other means of noxious stimu- 
lation, including pinching, hair pulling, and bum- 
ir". The delayed pain was alwa}’s perceived as 
“burning.” 


b. In 2 experiments on one subject, a solution 
of procaine hydrochloride was infiltrated about 
the ulnar nerve. In 9 experiments on 6 subjects, 
procaine was infiltrated subcutaneously beneath 
an area of skin (5x7 cm.) on the dorsum of 
the hand. Observations were made during the 
period of incomplete analgesia: (I) immediately 
after infiltration and (2) as the effect of the . 
procaine diminished. 

During such incomplete analgesia, it was noted 
that “slow” pain was abolished while “fast” pain 
was retained. The quality of pin prick was not 
the same as that obtained on normal skin. It 
seemed to be sharper and less “full,” as though a 
very fine needle were penetrating the skin. When 
thermal radiation was used as a noxious stimulus, 
the sensation was that of many tiny sharp needles 
being applied, similar to the familiar “pins and 
needles” sensation. There was no detectable sen- 
sation of “burning.” The sensation perceived 
was of a distinctly different quality from that felt 
on stimulation during ischemia. 

c. In 12 experiments on 5 subjects, procaine 
hydrochloride was infiltrated in skin areas 
(5x7 cm.) on the dorsum of the hand. The 
threshold for “pricking” pain was elevated in 
this area. Again, observ^ations were made dur- 
ing the phase of incomplete analgesia immediately 
after injection, and as the action of the procaine 
diminished. In none of these experiments could 
a “burning” pain threshold be obtained during 
the period when the “pricking” pain threshold 
was elevated. 

d. On 3 separate occasions in one subject, Dr. 
Bronson Ray infiltrated the tissue about the ulnar 
nen^e with a solution of procaine hydrochloride, 

1 per cent. The pain threshold of the skin area 
on the medial aspect of the wrist innervated by 
the ulnar nerve was ascertained immediately after 
the injection and during the phase of diminishing 
action of the procaine. In all 3 obseiwation.s, the 
threshold for "pricking” pain was elevated, — in 1 
instance, 189 per cent higher than the threshold 
on the control area. In this experiment, the first 
sensation perceived was a fine nccdle-like "prick- 
ing”; no "burning” pain was noted. The in- 
tensiU" of tliermal radiation was great enough to 
produce a third degree bum. Wh.en the action 
of the procaine was ended, tlie subject exjicri 
"burning” pain whidi persisted for 24 


N 
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Comment 


The observations of Lewis and his co-workers, 
(1 and 12) and of Gasser and his co-workers 
(14 to 17) have given the double response special 
significance. Lewis found that the “fast” pain 
was more readily altered-, by ischemia than was 
“slow” pain. Gasser found that the function of 
myelinated fibers was more readily impaired 
during the ischemic state than was that of un- 
myelinated fibers, suggesting that “fast” pain is 
mediated by the former. Conversely, cocaine 
abolishes first the action of the slower-conducting, 
unmyelinated fibers. Lewis noted that when 
either the skin or the cutaneous nerve supplying 
it is cocainized, the “slow” pain response is 
abolished, while the “fast” pain response is re- 
tained. This suggested that the “slow” pain is 
subserved by unmyelinated fibers. The interval 
between the first and second responses, which 
increases with the distance of the stimulus from 
the cord, approximates the calculated time in- 
terval based on the conduction rate of impulses 
traveling in myelinated and unmyelinated fibers. 

It was demonstrated by the observations of this 
communication that ischemic neuropathy inter- 
feres’ more with perception of “pricking” pain 
than with the perception of “burning” pain. 
Also, during the phases of incomplete analgesia 
followifig procaine infiltration, perception of 
“burhing” pain was abolished, whereas “pricking” 


pain was still perceived. 

Lewis (1 and 13) is of the opinion that regard- 
less of whether “fast” or “slow” there is only 
“one quality” of skin pain, and that brief noxious 
stimulation of the skin produces a sensation 
described as “pricking” whereas prolonged 
noxious stimulation produces a sensation de- 
scribed as “burning.” In contrast to this thesis, 
therefore, it can ;be inferred that the “pricking” 
quality of pain drom the skin is “fast” pain, 
primarily conveyed by one set of fibers, i.e., 
myelinated fibers, whereas the “burning” quality 
is “slow” pain and is conveyed primarily by an- 
other set of fibers, i.e., unmyelinated fibers. 


III. THE QUALITIES OF PAIN IN RELATION TO 
DEPTH OF STIMULATION IN THE SKIN 

In an investigation of the double response (18), 
the depth of penetration of a needle into the skin 
was measured and related to the qualities of pain 


sensation perceived. It was found tliat the "fast” 
pain of the double response was obtained at a 
depth of 0.25 to 0.50 mm., while the “.slow” pain 
was obtained at a depth of 0.50 to 1.0 mm. 

Observations 

Scries 1. Scraping the most superficial por- 
tions of the skin of the dorsum of the hand with 
a fine needle gave rise to a sharp, pricking sen- 
sation. In 5 observations on 3 subjects, it was 
reported that when ischemia was induced in the 
arm for a sufficient length of time to abolish the 
“fast” pain or “pricking” component of the double 
response, scraping the superficial skin was pain- 
less. A deeper penetration of the skin with a 
needle gave rise to “burning” pain. 

Scries 2. In 7 instances in 3 subjects, peri- 
neural infiltration of the ulnar nerv'e with procaine 
hydrochloride, 1 per cent, and infiltration of a skin 
area (5x7 cm.) on the dorsum of the hand, were 
performed. It was noted that during incomplete 
analgesia, immediately after injection and during 
the phase of diminishing action, scraping of the 
superficial skin with a needle gave rise to a 
tingling, pricking sensation, while deeper penetra- 
tion of the needle was at the same .time painless. 

Comment 

Two nerve fiber plexuses in the slcin have been 
described (19) : an intraepidermal, or superficial, 
plexus supplied by myelinated fibers, and a sub- 
epithelial, or deeper, plexus supplied by unmyel- 
inated fibers. Unfortunately, no conclusions can 
be drawn from these data concerning sensation. 

Since ischemia eliminated painful responses 
from the most superficial portions of the skin be- 
fore affecting the deeper, and since, at this time, 
the “fast” or “pricking” pain of the double re- 
sponse was also eliminated, it may be inferred 
that the apparatus for the “slow” pain alone was 
functioning, and that this lies deeper than the 
apparatus subserving “fast” pain. 

This inference was supported by the observa- 
tions made immediately following procaine in- 
filtration of the skin, when the superficial “prick- 
ing” pain alone was perceived. 

IV. INFERENCE CONCERNING THE “hyPERALGESIA” 
OF PERIPHERAL NEUROPATHY 

The sensory changes that occur during ischemia 
of an extremity resemble in many respects those 
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which occur in the peripheral neuropathy of al- 
coholism with nutritional deficiencies (24), as well 
as in other varieties of peripheral neuropathies. 
Sensations subserved by the myelinafed fibers are 
impaired before those subserved by the unmye- 
linated fibers. 

It .has been shown (Figure 3) that the ischemia 
was associated with first a lowering of the "prick- 
ing” and “burning” pain thresholds, and later 
with an elevation of both thresholds. Perhaps 
because it is transitory and of lesser magnitude, 
the phase of lowered “pricking” pain threshold 
in patients with peripheral neuropathy is seldom 
described. On the other hand, because of its per- 
sistence and greater magnitude, the lowering of 
the “burning” pain threshold is a striking bedside 
phenomenon. Perhaps relevant to these observa- 
tions is the initial lowering of the threshold of 
stimulation of nerve fibers during ischemia and 
anoxia which has. been noted by several investi- 
gators (20 to 22). 

During the early stages of anoxia, the threshold 
of stimulation of the “C” group of fibers is mark- 
edly depressed, and possibly more so than is that 
of the “A” group. Moreover, the “C” group of 
fibers maintains its phase of increased irritability 
longer than does the “A” group (23). 
a During ischemic neuropathy, “burning” pain 
long outlasted the period of stimulation ; whereas 
on normal skin, “burning” pain ceased soon after 
the noxious stimulus ended. . Such persistent pain 
was also reported by some patients with “hyperal- 
gesic” skin areas due to peripheral ner\'e dis- 
orders. In these, there was no defect in circu- 
lation ; hence, it is unlikely that the persistence of 
pain is due to a faulty blood flow. 

It is seen in Figure 3 that, after about 15 min- 
utes of ischemia, the “pricking” pain threshold had 
been elevated, while the threshold for “burning” 
pain was still decreasing. At this time, a pin 
point when pressed into the skin was less “prick- 
ing” and more “burning.” 

One author (24) suggested that such "para- 
doxic pain" resulted because the loss of one t}-pe 
of pain sensation enhanced the perception of an- 
other and supported this wcw by citing another 
(25), j.r., "that the function of the impulses which 
run on ahead of the others is to adjust the c-x- 
citahility of the synapses in prejxiration for th.e 
arrival of the later impulses.” Thus, according 


to his views, if the impulses from myelinated 
fibers are lacking, there would be no synaptic ad- 
justment and the undamped neural impulses 
would give rise to more intense sensation. 
Gasser (14 and 25), however, in the earlier for- 
mulation (14, 25) upon which the more recent 
worker based his views, concerned himself not with 
sensation, but with a simple spinal reflex pattern. 
He did not infer that a rapidly traveling impulse, 
as a result of noxious stimulation, alters a S3mapfic 
junction for another impulse from noxious stimu- 
lation SO that the latter gives rise to a sensation 
of a different intensity or quality. 

The data from the experiments of this com- 
munication suggest a simpler conception of the 
‘ paradoxic pain” of peripheral neuropathy : as the 
expression of a defect in peripheral nerve, the 
threshold for “burning” pain subserv'ed by un- 
myelinated fibers is so depressed fliat ordinarily 
innocuous stimuli are perceived as painful, 
whereas at the same time the threshold for “prick- 
ing” pain, subserved by myelinated fibers, is ele- 
vated. Under these circumstances, contact with 
the bed clothes produces a painful burning, and 
yet pin prick perception is impaired. 

V. SUMMARY AND CONCLUSIONS 

1. The nature and significance of two pain sen- 
sations of the skin — “pricking” pain and “burn- 
ing” pain — ^have been investigated. 

2. The threshold for “burning” pain is lower 
than the threshold for “pricking” pain. 

3. The peripheral nerve endings which sub- 
serv^e “pricking” pain are located more super- 
ficially in the skin than those subserving “burn- 
ing” pain. 

4. During the phase of incomplete analgesia fol- 
lowing infiltration of procaine hydrochloride into 
the skin or about a peripheral nerve, “pricking" 
pain is perceived, whereas “burning" pain is 
abolished. 

5. “Pricking” pain is the first or "faf.” pain 
perceived in the double response to pin [)rick; 
“burning” pain is tlie second or “slov.-" pain. 

6. Isclicmic block of an c.xt.'-ernity initially 
lowers the thresholds of “priclrir.”-" and "ijumir.g" 
pain. Tiie threshold for "bun'.ing" pain ir.ore 
depressed, and for a longer time, than th.e t.hr.c-h- 
old for “pricking" pain. .Also, dnrir.g ti.e j-eri'/i 
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of depressed "burning” pain threshold, the sen- 
sation of "burning” pain long outlasts the noxious 
stimulus. Prolonged ischemic block produced an 
elevation of both "pridcing” and "burning” pain 
thresholds, and ultimately complete analgesia. 

7. The "hyperalgesia” associated with periph- 
eral neuropathy in patients, may be explained by 
the significant depression of the “burning” pain 
threshold. This is usually accompanied by an 
elevated threshold for "pricking” pain. 

8. These experiments together with the work 
of others, make it seem likely that “burning” pain 
is conveyed chiefly by unmyelinated fibers, and 
"pridcing” pain chiefly by myelinated fibers. 
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Experimental neurogenic hypertension has been 
successfully produced in the dog by resection or 
bilateral denervation of the carotid sinus with sec- 
tion of the aortic depressor nerves ( 1 ) . There is 
at present general agreement that this type of hy- 
pertension persists for months and even years, 
though the levels of arterial pressure fluctuate 
widely in any given animal. In this respect, it 
differs from experimental renal hypertension 
which is characterized by a more constant eleva- 
tion of the blood pressure (2) ; it resembles, how- 
ever, the pre-hypertensive phase of essential hy- 
pertension during which the blood pressure is 
labile and hypertensive levels alternate with nor- 
mal ones (3). Few reports have appeared in the 
literature on the circulation of unanesthetized ani- 
mals with chronic neurogenic hypertension. The 
present paper is therefore concerned with the 
study of systemic hemodynamic alterations, in- 
cluding cardiac output, blood pressure, and the 
total peripheral resistance, and with an investi- 
gation of the renal and peripheral circulatory 
changes occurring in experimental neurogenic 
hypertension. 

It has been found that, following denervation of 
the carotid sinus in the dog, the heart rate in- 
creased from an average of 1(X) beats to 240 beats 
per minute (4). Few observations have been 
published on the cardiac output of chronic hyper- 
tensive dogs. Using the Kick principle, one 
worker obtained an increase in the minute vol- 
ume (5). Applying tire same methods, others 
obser\'cd a rapid rise in the minute volume which 
was revealed by a decrease in the CO, difference 
between arterial and mixed venous blood (6). 
Using the cardiometer, however, the same in- 
vestigators noticed a smaller heart volume fol- 
lowing the clamping of the carotid arteries (6). 

Data on the splanchnic and peripheral circula- 
tion of animals with dtronic neurogenic hj^perten- 
sion arc not available. In anesthetized dogs with 

' This work was supported by a grant from the Cem- 
nionwcallh Fund. 


acutely denervated carotid sinuses, an increase was 
found in the arterial inflow to the hind limb (6) 
accompanied by vasoconstriction in the kidney 
the spleen, and the intestine (7). No pressure 
changes occurred in the vena cava during the 
acute hypertensive phase (7). 

METHODS 

All experiments were performed over a period of frorr 
5 to !1 months on a total of 6 unanesthetized female dogs 
The animals were kept on a daily diet of 500 grams oi 
Purina dog chow, fortified by 5000 units of Vitamin A 
200 units of Vitamin D, and 10 grams of Brewer’s yeast. 
The dogs were made hypertensive according to the method 
previously described (8). The cardiac output was deter- 
mined by the Pick principle which involves the measure- 
ment of the oxygen content of arterial and mixed venous 
blood as well as of the total oxygen consumption. The 
latter was obtained by connecting the muzzle of the ani- 
mal to a waterless Sanborn metabolism machine with the 
help of a rubber mask (9). Four minutes following the 
onset of oxygen inhalation, the mixed venous blood was 
collected from the right ventricle by means of a catheter 
threaded through a 9-gauge needle which was inserted 
into the external jugular vein. The use of the needle 
made extensive exposure of the vein unnecessary. It also 
permitted repeated determinations witliin a short period 
of time. In every instance, an effort was made to insert 
the tip of the catheter into the ventricle rather than the 
auricle, as auricular blood of the dog is not fully mi.xed 
(10). The correct position of the catheter was deter- 
mined by fluoroscopic examination. Got formation in the 
catheter was prevented by a saline drip set to flow at a 
rate of 2.5 ml. per minute. The withdrawal of mixed 
venous blood was preceded by the removal of 7 ml. of a 
blood-saline mixture in order to avoid dilution of the 
sample; 10 ml. of mixed venous blood were then col- 
lected under oil. One minute later, an equal amount of 
arterial blood was removed under oil from th.e femoral 
artery. The blood oxygen was determined by the mano- 
metric method (11). For the measurement of right 
auricular pressure, the catheter was slightly witlid.-awn 
until its tip was within tl-.c auricular cavity. The zero 
point for the venous pressure was found by fluoroscopic 
determination of the position of l-he catheter tip. The 
coeSdent of oxygen utiliation v.as calrulsted by tiie 
formula : 

Di-Tcrcncc in arterhl-vcnous O, content 
Artedal' 0,‘conter^ "" 

The effective real :"rr.v wa; 1v 
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means of the clearance of p-aminohippuric acid (12). 
The renal blood flow was derived by use of the formula; 

CpAH ^ 100^ 

100 — hematocrit percentage 

The creatinine clearance was used to measure glomerular 
filtration (13). The filtrate fraction which expresses the 
percentage of water filtered from the plasma flowing 
through the kidneys, was calculated according to tiic for- 
mula; 

Filtration rate ^ 

Effective renal plasma flow 

As a rule, 3 urine periods, lasting 10 to IS minutes each, 
were found sufficient for the determination of the renal 
clearances. The renal fraction which expresses the per- 
centage of the cardiac output perfusing the kidneys in a 
minute’s time was obtained with the formula : 

Renal blood flow in liters per min. ^ 

Cardiac output in liters per min. 

The blood flow through the fore-limb was measured 
with a metal plethysmograph, insulated with asbestos. In 
principle, the method of Lewis and Grant was followed 

(14) . Volume changes were recorded on a smoked drum 
with a water manometer. This consisted of capillary tub- 
ing forming a writing point at one end and fused at the 
lower end to a hollow glass bulb which was made to float 
inside a piece of glass tubing of only slightly larger 
diameter (1.0 cm.), rising and falling with' any change 
in the water level. This apparatus had the advantage over 
other volume recorders because of its ease of manufacture 
and its greater durability. The plethysmograph was 
heated by resistance coils surrounding the metal frame. 
All determinations were made at a constant temperature 
of 38“ C. For the occlusion of the venous flow, a small 
blood pressure cuff, 3 inches wide, was inflated to a pres- 
sure of from 40 to SO mm. Hg. At the end of each de- 
termination, the inflow curves were standardized by re- 
peated injections of 2 ml. of water into one of the rubber 
tubes connected to the plethysmograph. Arterial blood 
pressures were recorded with the Hamilton manometer 

(15) , which permitted accurate measurements of the sys- 
tolic and diastolic blood pressures and of the heart rate. 
Mean pressures were calculated by planimetric integration 
of the area under the pressure curve. 

Simultaneous determinations of the cardiac output and 
the mean blood pressure permitted calculations' of the to- 
tal peripheral resistance according to the formula ; 

Mean pressure X 1332 , 

Cardiac output per second '' ''' 

This formula expresses the loss of pressure head in the 
circulatory system in absolute units, one unit representing 
1 dyne cm.“° per second. As the total resistance meas- 
ured the resistance to flow through the entire vascular 
tree, its variations from the normal control did not permit 
localization of occurring changes. Consequently, the re- 
sistance to blood flow in the renal vessels, and in those 
of the limb, were calculated separately by means of the 


formula : 

Mean prc.ssiirc X 13.12 

Renal blood flow or limb blood flow per second" 

Prior to the sectioning of the depressor fibers, a Fcrics 
of 2 to S control experiments was performed on each ani- 
mal until constant values were obtaincti. During this 
control period, all determinations were carried otit with- 
out interruption in 3 to 4 hours. This procedure per- 
mitted close correlation of the cardiac output and mean 
blood pressure with the circulation in the kidney and the 
fore-limb. 

After the hti/Tcr nerves were sectioned, however, the 
blood pressure of some of the animals remained constant 
at significantly high levels for only 20 to 40 minutes be- 
fore falling as much as 40 mm. Hg. Consequently, long 
tests could not be carried out during the hypertensive 
phase. Despite this difficulty, adequate results were ob- 
tained by determining tiie blood pressure along with cither 
the cardiac output, the renal clearances, or the blood flow 
tlirough the limb, inasmuch as each of these values could 
be determined during the period of constant elevation of 
the blood pressure. During the period of observation, the 
dogs were lying quietly on the table. As all the animals 
were well trained, local anesthesia was used only prior to 
the introduction of the needle into the jugular vein. 

EXPERIMENTAL 

Experiments on the cardiac output and the total 

peripheral resistance 

Changes in the cardiac output were followed in 
a series of 6 animals, and are summarized in Ta- 
bles I and II. In every instance, the minute vol- 
ume rose 30 to 50 per cent following section of 
the depressor fibers. This change was associated 
with the high oxygen content of tlie mixed venous 
blood, resulting in a decrease of the arteriovenous 
oxygen difference. Similar observations have 
been made in animals with chronic neurogenic 
hypertension (5), and in acute experiments (6). 
In 4 animals, the oxygen consumption increased 
an average of 30 ml. of oxygen per minute. As 
previous^ observed by a number of investigators, 
the heart rate rose an average of 85 beats per min- 
ute in the hypertensive dogs (4). As a result of 
this tachycardia, the cardiac output increased, 
■while the systolic discharge did not change from 
its control values. The utilization of oxygen de- 
clined in every instance following the establish- 
ment of neurogenic hypertension (Figure 1). 
The decrease in both arteriovenous oxygen dif- 
ference and oxygen utilization was the result of 
the increased circulatory rate. As seen in Tables 
I and II, the total peripheral resistance rose sig- 



TABLE I 

Circulatory changes following sectioning of the moderator nerves 
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TABLE II 

Representing the arithmetic means of data obtained before and after sectioning of the moderator nerves 


Before operation 


After operation 








Resistance 






Resistance 


Mean 

Minute 

volume 

Pulse 

rate 

OjA-V 

Limb 



Mean 

Minute 

x'olume 

Pulse 

rate 

0> A-V 

Limb 



Dog 

blood 

pressure 

differ* 

cncc 

blood 

flow 

Renal 

Pcrlpb- 

erat 

blood 

pressure 

differ- 
ence ! 

1 

1 

blood 

flow 

Renal 

Periph- 

eral 


mm. Hg 

mU 

per 

■ 

ml. per 
liter 

ml. per 
100 ml. 

dynet cm.~‘ sec. 

mm. Ilg 

ml. 

Per 

■ 

ml. per ^ 
liter 

ml. per 
100 ml. 

dynes cm."* sec. 


min. 


blood 

Per min. 




mm. 


blood 

Per min. 



3 

129 

3513 

122 

61 

3.9 

15,000 

3133 

184 

4913 

172 

41 

11.8 

27,000 

3190 

5 

105 

3133 

122 

56 

6.6 

32,300 

2710 

182 

4360 

169 

46 

15.6 

48,300 

3666 

7 

127 

3340 

141 

63 

5.0 

24,800 

2663 

184 

4603 

185 

55 

13.5 

45,500 

3433 

16 

134 

3578 

105 

52 

4.1 

21,900 

3078 

188 1 

5300 

183 

37 


39,300 

3020 

17 

153 

4750 

110 

44 

5.9 

26,800 

2560 i 

189 

7050 

191 

36 

7.5 

31,800 

2210 


nificantly in only 2 animals (No. 7 and No. 5), 
but remained constant in the rest of the dogs 
(Nos. 1, 2, 3, 17). It has been mentioned above 
that the total peripheral resistance measured the 
resistance to flow throughout the entire organism. 
Therefore, its values furnished no information 
concerning the localization of vascular changes 
which took place following the section of the 
buffer nerves. 

In every instance, the measurement of the 
cardiac output was followed by a determination 
of the auricular pressure. As seen in Table I, 
no change in the intra-auricular pressure occurred 
subsequent to the development of hypertension. 
In experiments on anesthetized animals, it was 
found that the pressure in the inferior vena cava 
remained at its control level (7). This observa- 
tion suggested that the static volume in the veins 
during hypertension was the same as that existing 
during the control period. 

Experiments on the renal circulation and the renal 

resistance 

The role of the kidney in experimental neuro- 
genic hypertension has been the subject of a series 
of investigations. Certain workers (17, 18) have 
-noticed that, in sympathectomized animals with 
sectioned depressor fibers, arterial blood pressure 
decreased temporarily following renal denervation. 
Others (19), however, made the observation that 
bilateral nephrectomy failed to prevent the devel- 
opment of acute neurogenic hypertension. A se- 
ries of 36 experiments was therefore performed in 
which the glomerular filtration rate and the renal 


blood flow were examined both before and after 
section of the depressor fibers. Following the op- 
eration, both the renal blood flow and the glomeru- 
lar filtration rate fell in 2 animals, but remained 
constant in the rest of the dogs. Because the 
creatinine and p-aminohippuric acid clearances fell 
proportionately in these 2 instances, the filtrate 
fraction remained at its control level, indicating 
that there was constriction of the afferent arteri- 
oles (20) (Figure 2). In human subjects, simi- 
lar changes of the filtration fraction during ortho- 
static vasoconstriction have been observed (21). 
Constriction of the afferent arterioles seen in the 
experiments described above distinguished the 
renal circulation in neurogenic hypertension from 
that of essential hypertension, in which the filtrate 
fraction rises due to efferent arteriolar spasm (3). 
Arteriolar constriction is further illustrated in 
Figure 2, which shows a 50 per cent rise in the 
renal resistance and a significant fall in the renal 
fraction. Similar results were obtained in the rest 
of the animals (Tables I and II). 

The circulation through the jore-limb 

The evidence presented in this paper furnished 
no proof that renal vasoconstriction was accom- 
panied by arteriolar spasm in other regions of tlie 
splanchnic circulation. It has been shown by 
others, however, that acute neurogenic hyperten- 
sion was followed by vasoconstriction in the in- 
testine and the spleen (7). Hence the assumption 
might be ventured that neurogenic hypertension 
resulted in generalized constriction of the vessels ' 
supplied by the splanchnic nerves. It seemed of 
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importance, therefore, to study the blood flow 
through the' limb in order to ascertain whether or 
not the increase in the minute volume reported 
above was to some measure accounted for by an 
acceleration of the blood flow through the vessels 
of the limbs. 

Tables I and II show that the onset of hyper- 
tension was followed in 4 animals by a consider- 
able rise in the blood flow through the forelimb, 
averaging 12 ml. per minute .per 100 ml. of limb 
volume. This observation is illustrated in Fig- 
ure 3, which demonstrates that the slope of the 
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ms cc/foocc/MiM 



TiMp. sere I 



Fig. 3. Snows the Cuhves Representing Arterial 
Flow into the Fore-limb of a Dog 
The blood flow through the fore-limb increases from 
7.SS ml. to 17.95 ml. per 100 ml. of limb volume per min- 
ute after sectioning of the moderator nen-es. 

arterial inflow curve steepened after section of 
the depressor fibers. These findings are in agree- 
ment with other reports which show a significant 
increase in tlie blood flow through the femoral ar- 
terj’ of anesthetized animals with acute carotid 
sinus hj-pertension (6). 

The determinations of the vascular resistance 
in the limb furnished additional proof of an in- 
crease in the blood flow through the limb, the 
values falling an average of one million and a 
lialf absolute units (Figure 4). It was cn'dcnt, 
therefore, that neurogenic lu'pertcnsion was ac- 
companictl by an acceleration of the circulation 
through the extrernin-. 


DISCUSSION 

The foregoing experiments demonstrate that 
the production of neurogenic hypertension in un- 
anesthetized dogs is followed by a decrease in the 
oxygen difference between arterial and right ven- 
tricular blood (Tables I and II), as well as, in 
4 animals, by a slight rise in the oxygen con- 
sumption. Both these changes are the result of 
an increase in the minute volume which occurs in 
every instance. Similar results have been ob- 
tained by others (5, 6) in anesthetized dogs. 
Since the output per beat remains constant, even 
declining in some instances, the increase in cardiac 
output is dependent upon the increased heart rate. 
The fall in systolic discharge observed in several 
experiments may explain the finding of the last 
mentioned author that the cardiac volume de- 
creases in some of his acutely hypertensive ani- 
mals. The tachycardia ivhich folloivs section of 
the depressor fibers permits the heart to cope with 
the increase in venous return and thus prevents a 
rise in the right auricular pressure. Increase in 
the circulatory rate precludes the extraction of 
large amounts of oxygen by the tissues and thus 
explains the decrease botli in oxygen utilization 
and in arteriovenous oxj^gen difference. The val- 
ues calculated for the total peripheral resistance 
vary from animal to animal, being elevated in 2 
cases and showing no change in the remainder 
(Figure 4). This observation is of great signifi- 
cance, as it demonstrates that the hj-pertension 
produced by sectioning of the buffer nerves is al- 
most entirely caused by a rise in the cardiac out- 
put. 

Studies on the renal circulation of animals witli 
neurogenic hypertension reveal a considerable de- 
gree of vasoconstriction. This is demonstrated 
by the obsciwation that tiic renal blood flow re- 
mains constant or falls slightly’, following the 
establishment of hypertension (Figure 2). Al- 
tliough renal isdiemia is entirely absent or only 
slight, renal vasoconstriction is nevertlidcss pres- 
ent, as illustrated by a rise in renal rcsist.ar.ce and 
a fall in renal fraction (Figure 2). According to 
the concept o: Smith. (20), the cor.c’.rirtion is in 
the afferent anc.riolcs, for th.e fth.ra;c iraetion re- 
mains undsar.gcd. Con-oquer.dy, the rcrud ci.-nt- 
lation in animals vri'.h nen.-egenic .hvj>erter:fion 
diflcrs from obferved in csser.'ial jr.-jicrter.- 
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sion in which a rise of the filtrate fraction indi- 
cates participation of the efferent arterioles (4). 
It is probable that the changes in the renal circula- 
tion described above are mediated by the sympa- 
thetic nervous system. This conclusion is sup- 
ported by the observation of Smith that afferent 
constriction is brought into play by orthostatic 
changes in man which are known to be the results 
of sympathetic discharges (21). 

The question whether vasoconstriction occurs 
in parts of the splanchnic circulation other than 
the kidney cannot be answered with certainty at 
the moment. If changes in the renal circulation 
follow those in other parts of the abdominal cavity, 
the assumption might be ventured that chronic 
neurogenic hypertension is accompanied by gen- 
eralized splanchnic vasoconstriction. This conclu- 
sion is borne out by certain investigations which 
showed vasoconstriction in the intestine and 
spleen during the acute hypertensive phase (7). 

The response of the vessels of the extremity to 
sectioning of the depressor fibers contrasts sharply 
with that of the renal arterioles : there is a rise in 
the blood flow through the fore-limb and a fall in 
the resistance in this extremity (Figure 4, Tables 
I and II). The above mentioned workers also 
describe an increased rate of flow tlirough the 
femoral artery of anesthetized animals with acute 
neurogenic hypertension (6) ; they are of the 
opinion that this hyperemia is caused by the open- 
ing of arteriovenous shunts. On the basis of the 
results reported in tliis paper, it is impossible to 
conclude whether or not the peripheral hyperemia 
exists because of the opening of arteriovenous 
anastomoses, or by active arteriolar vasodilation. 

The acceleration of the circulation through the 
limb furnishes additional evidence of increased 
S3nnpatlietic activity in neurogenic h3-pertension. 
S 3 Tnpathctic vasodilation in the leg of the dog has 
been demonstrated successfully (22, 23). In man, 
other workers found that the subcutaneous injec- 
tion of epinephrine was followed b 3 ' marked vaso- 
constriction in the hand and foot, and by a definite 
increa.^c in the blood flow through tlie forearm and 
calf (24). These investigators conclude that 
epinephrine causes vasoconstriction in the skin 
and active \-asodilation in the muscle. It has 
been noticed in man that the intravenous injec- 
tion of adrenalin produced a rise in muscle tem- 


perature and a fall in' skin temperature (25). 
The difference in the reaction between the ves- 
sels of .the skin and those of the muscles could ex- 
plain the fact that in one animal (No. 17) the 
blood flow through the limb rose only slightly 
(Table II). In this dog, the large .size of tlie 
leg permitted the inclusion of only relatively 
musde-free paw in the plethysmograph. 

The vascular dynamics of neurogenic hyper- 
tension differ in many respects from those ob- 
served in experimental renal h3'pertension. In 
Goldblatt hypertension, and in essential hyper- 
tension, the cardiac output is normal (26, 27),- 
and the total peripheral resistance is increased 
(28). Other studies (29, 30) demonstrate that 
in essential hypertension the peripheral blood flow 
is not elevated despite the rise in s3'^stemic blood 
pressure. The renal circulation in essential hy- 
pertension is characterized by afferent arteriolar 
constriction which extends also to the efferent 
arterioles (4) , in contrast to the afferent arteriolar 
constriction demonstrated in the experiments re- 
ported in this paper. In experimental renal h}'- 
pertension and in hypertensive human subjects, 
the increase in blood pressure is the result of a 
generalized decrease in the arteriolar cross-sec- 
tional area. In neurogenic hypertension, however, 
it is due to an increase in the cardiac output which 
exists in conjunction with a shift in blood flow to 
the extremities. 

SUMMARY 

1. The hemod3mamic alterations during chronic 
neurogenic h3'pertension were studied in 6 un- 
anesthetized dogs. 

2. Following the establishment of Itypcrtcnsion, 
tlie cardiac output rose, while the difference in the 
ox3'gen content between arterial and mixed venous 
blood, and the co-efficient of ox3-gen utilization, 
decreased. Since the heart rate increased, the 53-5- 
Iblic discharge and the right auricular pressure re- 
mained at their pre-ltypertcnsive levels. The to- 
tal resistance showed no change in 4 dogs, wiiilc 
it rose in the remainder of tljc animals. 

3. The blood flow through, tlie k.idu.cy ar.d the 
glomerular filtration rate fell in 2 anirn-als and 
remained constant in the rest. The decline in tr.e 
renal fraction and the rise in tr.e rer.r.l 
resistance arc cidde.nce of rc.nal .artcriel.ar con- 
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striction. This takes place presumably in the af- 
ferent arterioles as the filtrate fraction remained 
constant. 

4. The development of neurogenic hypertension 
was followed by a marked rise in the blood flow 
through the fore-limb and a fall of the vascular 
resistance-through this extremity, 

5. The changes described in this paper are com- 
patible with increased sympathetic' tone. 

6. Differences in the vasculair dynamics between 
neurogenic hypertension, experimental renal hy- 
pertension, and essential hypertension, are dis- 
’ cussed. 
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Wastage of nitrogen in severe infectious dis- 
eases has long been recognized. More recently, 
it has been discovered that surgical operations 
and trauma induce the same process. Much 
evidence has accumulated that, in the acute stages 
of all these conditions, the losses of nitrogen can 
be prevented or mitigated with difficulty, if at all, 
by the administration of unusually large quantities 
of protein or high calories, or both. The subject 
has been recently reviewed by one of the authors 
( 1 ). 

On a priori grounds, losses of nitrogen, which 
must be derived from proteins of the tissues, 
would seem to be undesirable. It has been gen- 
erally assumed that the body has no surplus stores 
of protein and, consequently, that losses sustained 
through disease, injury, or deprivation must be 
replaced before a subject is restored to full health 
and strength. If this is true, it becomes a matter 
of no small importance to find a means to prevent 
these losses and thus to hasten convalescence and 
rehabilitation. 

Studies of the subject have been confined chiefly 
to major diseases and injuries. Obviously, how- 
ever, from the standpoint of conservation of man- 
power, the ordinary run of the mill illnesses and 
injuries are of the greatest importance, because it 
is the victims of these that may be returned most 
rapidly to normal life. The present study is 
aimed to measure the nitrogen excretion in such 
common conditions and to ascertain how far 
nitrogen wastage may be prevented by dietetic 
measures. Since it is obviously unpractical to use 
parenteral or other abnormal methods of feeding 
for all patients in the hospital, such methods have 
been practised in this study for only one purpose: 
to learn whether the administration of supple- 
mentary protein to the diet of a patient would pre- 

> The work dc'cril'ed in tiiis paper was done under a 
contract, recommended hy tlic Committee on ^^e;5!cal Rc- 
se.arch, I'ctwcen the O.Ticc of Sciattific Research and 
Development and the Vale University Sd>x>\ ci itedidne. 


vent nitrogen losses that could not be prevented by 
dietary measures alone. 

EXPERIMENTAL PROCEDURE 

Patients on the wards of the New Haven Hospital were 
used, young adult males being selected, as far as possible. 
One female patient, JK, was included. Studies were 
terminated as soon as patients came into positive nitrogen 
balance or when they were discharged from the hospital. 

Chemical procedures. Urine, feces, vomitus, and in one 
case sputum, were analyzed for total nitrogen by the 
macro-Kjeldahl technique. Twenty-four-hour urine speci- 
mens, preserved with benzoic acid, were analyzed daily. 
Stools, collected in Pyrex glass beanpots, were quanti- 
tatively transferred to jars containing benzoic acid. The 
combined stools were analyzed at convenient intervals. 
The quantity of nitrogen in each specimen was divided by 
the number of days over which it had been collected and 
the average thus obtained was used for calculation of the 
daily nitrogen balances in that period. The total fecal 
mass, diluted with water to a convenient weight and con- 
sistency, was thoroughly mixed with a motor-driven me- 
chanical stirrer for at least 20 minutes. Aliquots, ob- 
tained while the stirrer was running, were transferred to 
weighed Kjeldahl flasks, which were then reweighed. 
Vomitus and sputum were analyzed separately by similar 
procedures. 

Blood was collected before breakfast at the beginning 
and end of each experiment The non-protein nitrogen of 
whole oxalated blood was measured by the micro-Kjcldahl 
technique. Total protein and protein fractions were meas- 
ured in scrum from blood drawn and centrifuged with 
anaerobic precautions. Cell volume was measured by 
hematocrit on blood defibrinated anaerobically with mer- 
cury. All analyses were made in duplicate and were re- 
peated when duplicates did not cliccla 

Diets. Liquid, soft, or regular diets were used, acco.'d- 
ing to the condition of the patients. The basic liquid diet 
was prepared to contain 100 grams of protein and 3000 
Calories. A mixture made by adding 10 grams of 
skimmed milk powder to 100 ml. of milk and fl.avoring 
witli a few drops of s-anilla was found useful. Each liter 
of this mixture contained 67 grams of protein and pro- 
vided 900 Calorics. Wl’.en well mixed, it was quite 
palatable, tasting lil:c an ordinary mfr>ji‘.akc. Th.c lia<ie 
soft and regular diets were prepared to contain 125 gram^ 
of protein .and 35W Calories. U.neatm portions cf ear’; 
meal were weighed and the am.'nmtt dnlurtetj frern tior 
diets ofTereth 

The nitrogen in the diets was caltu’.ate-I 1 y means cf 
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the usual dietary charts. These calculations were, how- 
ever, checked by weekly analyses of duplicate diets by the 
macro-Kjeldahl technique. The • diet, ground up by a 
meat grinder was suspended in water and treated in the 
manner described for the analysis of stools above. 

The liquid diets, instead of the calculated 16 grams of 
N, were found, on 6 'analyses, to contain 12.6 to 15.9 
grams ; the solid diets, instead of 20 grams, contained, on 
15 analyses, from 16.5 to 22.6 grams of N. 

General care. Special nurses were in attendance upon 
the patients throughout. This not only insured accuracy 
in the administration of food and the collection of speci- 
mens; it also contributed to success in feeding. Many of 
the patients would have taken far less food during the 
more severe stages of their illnesses, had it not been for 
the skillful services of these nurses. 

Except for the administration of food and fluids and at- 
tention to general comfort that might be conducive to ap- 
petite, the care of the patients was left to the regular phy- 
sicians and surgeons of the hospital staff. Supervision of 
the details of the project and liaison between the labora- 
tory and wards were entrusted to a special physician who 
spent his full time on the project. 

Amigeii, a hydrolyzate of casein and pork pancreas, pre- 
pared by Mead Johnson and Co.,^ was given intravenously 
to certain of the patients, in 5 per cent solution with 5 per 
cent glucose. Doses of 500 ml. were injected slowly over 
a period of 2 to 3 hours. It was assumed that such a dose 
contained 6 grams of N. 

Amigen was given only when patients took little or 
nothing by mouth, as supplements to the diets when the 
N-intake was obviously inadequate, or when it was known 
that there was a large negative nitrogen balance. In the 
last case, Amigen was given on single days in order that 
the effect of a large addition of nitrogen upon the nitro- 
gen balance might be evaluated. 

OBSERVATIONS 

Balance studies were conducted on 45 patients. 
The duration of studies on individual pa:tients 
varied as follows : 7 patients were observed for 
only 2 to 3 days, because they were discharged at 
the end of this period, with 1 exception in positive 
nitrogen balance; 37 patients were observed from 
4 to 22 days ; one was observed 43 days. 

There were 22 patients with medical conditions : 
10 meningococcus meningitis (2 with complicat- 
ing polyarthritis), 2 pneumococcus pneumonia, 2 
scarlet fever, 3 upper respiratory infections, and 
1 each of subacute bacterial endocarditis, lung 
abscess, peritonsillar abscess, acute rheumatic fe- 
;• r, and regional enteritis. Acute febrile illnesses 
studied as they were admitted. Meningococ- 

le Amigen used for this study was supplied by Mead 
on and Co. 


cus meningitis happened to be tlie prevalent major 
infection at the time of the study. 

The remaijiing 23 patients had surgical condi- 
tions: 9 appendectomies, 3 herniorrhaphies, 3 frac- 
tures of long bones, 2 skin infections, 2 chronic 
osteomyelitis, 1 saphenous vein ligation, I radical 
mastoidectomy, 1 traumatic rupture of the iliop- 
soas muscle with evacuation of an c.xtrapcritoncal 
hematoma, and 1 excision and curettage of a bone 
C3fst. 

Amigen was given to 4 of the patients with 
meniiigitis, 6 appendectomies, 2 fractures, 1 herni- 
orrhaphy, and 1 regional enteritis. In the surgical 
patients, it was used when the patients could take 
little or nothing by mouth. 

Table I summarizes the data from all cases. 
The first column indicates the da^' of the disease 
on which the study was begun. In the operative 
cases, the days are numbered from the da}’ of op- 
eration, except in the case of LK, in which the 
stud}’ was begun 5 days after injur}’ or 2 days 
after operation. The total duration of each study 
is the sum of the days in positive and in negative 
balance (PSe and AI were each studied one day 
longer than this, but in each case one day was 
omitted because urine collection was incomplete). 
In all cases except PSe, KS, and JK, the days of 
positive nitrogen balance were at the end of the 
study, following a variable period of negative bal- 
ance. In these 3 patients, days of positive and 
negative balance were interspersed. The tempera- 
ture column shows the number of days on which 
at least one temperature reading was 100° F. or 
more by rectum, or 99° or over by mouth. In op- 
erative cases, a double set of nitrogen balance fig- 
ures is given for those patients who took little or 
nothing during the period immediately after op- 
eration. The upper figures represent the nitrogen 
metabolism for this period, the lower figures, the 
nitrogen metabolism for the remainder of tlie pe- 
riod of negative balance. 

Figures 1 and 2 show the complete nitrogen 
metabolism of 5 of the meningitis cases and 8 of 
the appendectomies. The nitrogen balances of 
3 other appendectomy cases are shown below Fig- 
ure 2. The nitrogen intakes of these 3 patients 
after the first few postoperative days were ade- 
quate and fairly uniform, averaging well over 14 
grams daily. The cases presented in detail in 
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these figures were those who received injections 
of Amigen. 

DISCUSSION 

A large proportion of all patients wasted nitro- 
gen to a variable degree. This wasting bore some 
relation to the type and severity of the disease; 
but losses varied to some extent among patients 
with the same disease and from day to day in indi- 
vidual patients. In many instances, they could 
not be prevented by increasing nitrogen and 
caloric intakes within feasible limits. They fre- 
quently persisted after patients had become asymp- 
tomatic. There was no consistent relationship be- 
tween these losses and the changes of serum al- 
bumin or globulin. 

Losses of nitrogen in meningitis were surpris- 
ingly large and prolonged. They varied, during 
the periods of study from 3 grams in PSe to 180 
grams in HP, who had a complicating polyarthri- 
tis with prolonged fever. This loss, equivalent to 
about 4.5 kgm. of muscle tissue was accompanied 
by a loss of 7.5 kgm. of body weight. The other 
patient with polyarthritis, ND, also wasted a large 
amount of nitrogen. PV, however, lost almost as 
much, 123 grams, without serious complication. 
Of the whole series, only PSe stored a significant 
quantity before discharge from the hospital. ND 
retained a small amount in the last 3 days before 
discharge; FC and JF had equivocal retentions 
on the last day. The remainder were still wasting 
when they were well enough to leave the hospital, 
from 8 to 25 days after the onset of illness. The 
losses tended to diminish as convalescence pro- 
gressed; but TF and PV lost more than 12 grams 
each during the 2 days prior to discharge. The 
diets in all but one instance contained an average 
of 14 grams or more of nitrogen throughout the 
studies; during the last days of hospitalization 
they were usually considerably above this. One 
of the patients with pneumonia, WZ, behaved in a 
similar manner, losing 25 grams of nitrogen from 
the 9th to the 17th day after the onset of his dis- 
ease inclusive, although his temperature was nor- 
mal after the 10th day. 

More surprising are the losses in the patients 
with scarlet fever. These 2 subjects were afebrile 
and asymptomatic during the greater part of the 
studies ; they were merely awaiting termination of 
their periods of isolation. From the figures for 


storage it is evident that replacement of the 
wasted nitrogen was a slow j^roccss. 

In contrast to these subjects, 4 patients with 
long standing infections that had produced con- 
siderable wasting, TP, FS, ES, and HD, stored 
nitrogen throughout their studies on diets com- 
parable to those on wliicli tlie patients witli acute 
infections wasted nitrogen. Tliis is similar to the 
phenomena which others (2, 3) have described in 
persons with fractures and other severe injuries. 
These subjects waste nitrogen for a considerable 
time after the original injury. Only after mal- 
nutrition has become advanced do they gradually 
reverse the process. If, during the reparative or 
anabolic stage, they suffer renewed injury or in- 
fection, the process of storage of nitrogen may 
continue uninterrupted (2). 

Minor respiratory infections, not shown in the 
table or figures, did not disturb nitrogen metab- 
olism appreciably. 

Surgical procedures per sc had no uniform ef- 
fect upon nitrogen balances. There were, of 
course, inevitable losses on the operative and im- 
mediate postoperative days while patients received 
little or no nourishment. Patients who had ap- 
pendectomies continued to lose nitrogen for a few 
days after this period in spite of more than ade- 
quate intakes and uneventful courses. This was 
apparently uninfluenced by the pathological state 
of the appendix. In spite of the fact that their 
appendices were normal, HY, PM, and AS lost 
variable amounts of nitrogen ; while among the 
others, with different degrees of inflammation, the 
nitrogen balances were variable, one, RS, even 
storing nitrogen from the outset. GB after a 
mastoidectomy also wasted nitrogen, exclusive of 
the drainage which would have increased the nega- 
tive balance had its nitrogen content been in- 
cluded. On the other hand, patients subjected to 
herniorrhaphy tended to store nitrogen as soon as 
tliey had passed the immediate preoperative period 
and were given adequate diets. JK, who had a 
bone cyst excised, and MH, after ligation of the 
saphenous veins, lost no nitrogen. The patient 
LK, with the extraperitoneal hematoma, lost large 
amounts of nitrogen. Of the 3 patients with frac- 
tures, 2, with fractures of the femur, and of ribs, 
both tibiae and fibulae respectively, followed the 
course described by others (3), wasting nitrogen 
as long as they were under observation ; the third. 
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with a comminuted fracture of the tibia, stored 
small amounts of nitrogen from the beginning, 
although his diet was not much larger than those 
of the 2 subjects who wasted nitrogen. 

Loss of nitrogen in the patients with acute in- 
fections was not definitely related to the febrile 
reaction. It is true that the largest losses in men- 
ingitis occurred in the early febrile days and con- 
tinued longest in the 2 cases with polyarthritis and 
prolonged fever. Nitrogen continued to be 
wasted, however, by almost all the patients after 
the temperature had become normal. PV lost as 
much nitrogen in 5 afebrile days as he had during 
6 days of fever, on several of which the tempera- 
ture did not rise above 100° F. The patients with 
chronic infections stored nitrogen despite elevated 
temperatures. The apparent correlation between 
temperature and negative nitrogen balances prob- 
ably indicates merely that both phenomena are 
marks of the severity of illness. 

The stools did not contain excessive amounts of 
nitrogen. About 2 grams of N per day were 
found in the sputum of JC with fractures of ribs 
and legs. 

It has been suggested that the nitrogen loss in 
disease arises from the atrophy of disuse, induced 
by bed rest. If this were the case, there is no rea- 
son why herniorrhaphies should not have the same 
effect as appendectomies. Furthermore, nitrogen 
losses should not have persisted so far into con- 
valescence in either meningitis or scarlet fever. 
Finally, some of the patients observed preopera- 
tively did not waste nitrogen when confined to 
bed nor did some of those with acute infections, 
injuries, or operations. 

Increasing the nitrogen intake with food or with 
Amigen supplements had no consistent effect. 
Daily intakes of over 21 grams of food nitrogen 
and over 25 grams of food + Amigen nitrogen 
failed to establish positive balances in some in- 
stances (see, for c.xample, TF 8th day and FC 
13th day in Figure 1). On other occasions {c.g., 
PSc in Figure 1), raising nitrogen intake sharply 
by inc.ans of Amigen injections seemed to miti- 
gate or prevent losses of nitrogen. The data must 
be interpreted with some rcscr%-c, however, for 
several rc.asons: fir.st, urinary nitrogen in most 
cases %-arics capriciou.'ly ; second, subjects with 
apparently similar conditions differ in their tend- 
ency to %\-aste nitrogen ; third, tl-.e duration of the 


negative balance is variable; finally, there may be 
a delay in the excretion of nitrogen. Most of 
these points are illustrated in the figures. In TF, 
Figure 1, losses of nitrogen seem to be inversely 
proportional to intake, Amigen supplements ap- 
parently spare nitrogen, until the 8th day when 
a sudden large negative balance is associated with 
the largest nitrogen intake that was achieved. In 
most of the other cases in both figures, variability 
of nitrogen outputs without relation to diet is evi- 
dent. After the 10th day, losses of N bj' JF, Fig- 
ure 1, seem to diminish as the dietary N increases. 
This is only a mark of general improvement, evi- 
denced in better appetite. There is a positive bal- 
ance on each of the days on which PSe, Figure 1, 
received Amigen supplements, with a negative bal- 
ance on the alternate days. Since, however, the 
supplements were injected after the evening meal, 
a proportion of the injected nitrogen may have 
been excreted in the urine of the following day. 

The administration of 12 grams of Amigen per 
day to surgical patients on the day of operation 
and the following day, when they received no 
other food, seemed to prevent losses of nitrogen 
for 1 day in both RS and AS. The positive bal- 
ance on the operative day of AS must be dis- 
counted, however, because he had difficulty in 
emptying his bladder. On the whole, the losses of 
nitrogen in these patients who received Amigen 
(see detailed charts of Figure 2) were not sig- 
nificantly smaller than those of the patients who 
received no Amigen (see line charts at bottom of 
Figure 2). 

A note of caution is in order about the use of 
Amigen injections as supplements to diet. Of 
the 14 patients who received injections, 10 devel- 
oped anorexia, with or without nausea and vomit- 
ing, on 29 out of 48 occasions, although the rate 
of injection never exceeded 6 grams of Amigen in 
2 hours and was usually slower than this. Loss of 
appetite, the most prominent symptom, prevented 
patients from eating their full meals during and 
immediately after infusions. It was, therefore, 
found adrisablc to give the Amigen supple.ments 
at the end of the day. some time after tl:e evening 
meal, so th.at if the patients vomited they s.acri- 
ficcd little food. Since the injection of 12 gram--, 
of Amigen l.astcfl 4 hour.^ or more, th-i"^ inte.ricred 
with rest and sleep. 

Except when Amigen was given, caloric- ami 
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nitrogen in the diets were roughly proportional to 
one another. It follows that wastage of nitrogen 
was no more influenced by caloric intalce than by 
dietaiy protein. 

It cannot be inferred from these experiments 
that losses of nitrogen could not have been pre- 
vented if the intake had been increased still fur- 
ther by injections of larger quantities of Amigen. 
It was not the purpose of the investigation to ex- 
amine this point. It has been established tliat pa- 
tients with acute infections, injuries, and opera- 
tions of moderate severity waste nitrogen in their 
urine when they are given as much protein as is 
feasible by ordinary means. Had it not been for 
the special attentions of an excellent team of 
nurses, it would have been impossible to give the 
patients the high Calories and protein which they 
received. Results with the Amigen supplements 
merely serve to show that even greater efficiency 
in the introduction of food might have been quite 
as unsuccessful in preventing wasting. 

Neither total serum protein nor serum albu- 
min were significantly altered by the losses of pro- 
tein sustained by these patients. Evidently, either 
the nature or the degree of malnutrition from 
which they suffered was such that it did not affect 
serum albumin. The amino acids of the plasma, 
which are not given in the table, were also un- 
affected. 

The experiments throw no light on the causes 
of the obligatoiy destruction of protein. The con- 
ditions under which it is encountered are not those 
’ which are generally considered to be associated 
with great destruction of tissue. Convalescence 
from meningitis or scarlet fever, for example, 
would not fall into this category. In any case, 
there is no reason why the products of autolysis 
of tissue should not be as nutritious as products of 
digestion or protein hydrolysates made in the lab- 
oratory. Conversely, if the organism is unable to 
avail itself of autolytic products, it is not alto- 
gether surprising that it does not utilize hydroly- 
sates or products of digestion. The old concept 
that there are two kinds of protein in the body, a 
more expendable deposit protein and the tissue 
proteins, might explain the difference in reactions 
to chronic and acute injuries and infections and 
possibly the preservation of serum albumin in 
these acute conditions. There is no obvious rea- 
son, however, why deposit protein should be less 


easily replaced thati other protein by foods that 
can maintain normal nutrition and nitrogen equi- 
librium. It may be that some particular clement 
of protein is expended more rapidly in the acute 
stages of disease. A few analyses have confirmed 
the observation of others that the extra urinarj’ 
nitrogen is chiefly urea. This docs not exclude an 
aberration of metabolism. Urea is the chief ex- 
cretory product in the urine of animals which re- 
ceive diets deficient in essential amino acids. 
Again it is hard to understand, however, why a 
similar infectious process or injur}' should have 
different effects on sound and malnourished sub- 
jects. 

Because it is not possible to prevent subjects 
with acute infections or injuries from wasting 
protein by the administration of generous diets, it 
does not follow that efforts to feed such patients 
adequately should be abandoned, unless it can be 
shown that generous diets are positively injurious 
and that the nitrogen wastage is a beneficial proc- 
ess. After ordinar}' operations, negative nitrogen 
balances are short-lived ; their occurrence and 
duration in acute infections are unpredictable. Be- 
sides, there is a general clinical impression that 
the well-being of patients is favored and con- 
valescence accelerated by liberal diets. 

This investigation has demonstrated that pa- 
tients so sick that they would eat little if left to 
their own devices and the usual services of a hos- 
pital ward can, by assiduous nursing care, usually 
be induced to take 90 to 125 grams of protein and 
2500 to 3500 Calories or even more daily witliout 
resort to parenteral administration of Amigen. 


CONCLUSION 


Patients with acute infectious diseases and fol- 
lowing some operations were found to have nega- 
tive nitrogen balances in spite of high caloric and 
high protein intakes. Further increases of nitro- 
gen intake with parenteral casein hydrolysate 
failed to affect nitrogen equilibrium except in a 
few instances. 


_ Thanks are due to Miss Alice M. Cattanach, the dieti- 
tian of the New Haven Hospital, to the nursing team, 
Miss Adelaide J. Kuhkowski, Miss Catherine Marks, Miss 
Hsie McIntyre, and Mrs. Carol M. Schmitt, and to the 
technj^cians Mrs. Jacqueline G. Mintz, Miss Dorothea 
Kahck^ and Miss Mary F. O’Keefe. Without their serv- 
ices, this investigation could not have been successful 
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Since the outbreak of the war, thousands of 
military personnel have been stationed in .islands 
of the South Pacific where a non-periodic type of 
Bancroftian filariasis is prevalent among the na- 
tive populations, and large numbers of the troops, 
who have been intensively exposed to the bites of 
infected mosquitoes, have developed clinical mani- 
festations of filariasis. The pattern of the disease 
in these men is similar to that described many 
years ago (1) in Europeans, a few months after 
their arrival in these same island groups, and con- 
sists primarily of a lymphadenitis and remittent 
lymphangitis, sometimes associated with constitu- 
tional symptoms of low-grade fever, chills, mal- 
aise, and nausea. The natives are well acquainted 
with this syndrome and call it “mumu.” 

The chief manifestations of “mumu,” as seen 
among the troops, are lymphadenopathy of the 
axillary, inguinal, and epitrochlear nodes, with 
recurrent attacks of a retrograde or centrifugal 
lymphangitis, and the appearance of evanescent 
red, swollen, pruritic areas on the affected trunk 
or extremities (2, 3). The spermatic cord and 
scrotal contents are frequently affected, the com- 
monest lesion being a funiculitis, with or without 
epididymitis, orchitis, or hydrocele (4). In' th6 
majority of cases, a definitive diagnosis of filari- 
asis cannot be made, since microfilariae have thus 
far been found but rarely in the blood (3, 5) ; but 
the adult parasites have -been recovered from in- 
volved lymph nodes in a number of patients (6, 
7), and skin tests with filarial antigens have 
yielded positive results in about 85 per cent of the 
men with clinical evidence of the disease (2, 3, 
6 , 8 ). 

The mechanism which excites the attacks of 
lymphangitis and fugitive swellings in these cases 
is of great interest. The aforementioned observ- 
ers are in general agreement that the chief factor 
is a sensitization of the host to antigenic sub- 


stances elaborated by the adult parasites, and that 
the S)Tnptoms arc the result of an immune or al- 
lergic type of reaction. This opinion is supported 
by the high incidence of positive skirt tests, pre- 
cipitin tests, and complement fixation reactions 
with filarial antigens among supposedly infected 
troops (2, 3, 6, 8), indicating that the majority 
have developed antibodies to the parasite; by the 
microscopic appearance of the tissue changes in 
biopsy specimens (6, 7) ; and by the fact that the 
local reactions occurring spontaneously in these 
naturally infected individuals may be reproduced 
in many of them following the intradermal inocu- 
lation of filarial antigens (2). 

Another possible mechanism for the recurrent 
lymphangitis is secondarj^ bacterial infection, since 
it is well-known from earlier work (9) that lymph 
stasis and lymph edema predispose to bacterial 
invasion, particularly with hemolytic streptococci. 
Furthermore, the so-called “tropical lymphangitis" 
of the Caribbean area, which clinically resembles'-,, 
the lymphangitis of “mumu” in some respects, has 
been definitely shown by bacteriological and sero- 
logical procedures frequently to be initiated hf"' 
streptococcal infections (10). ■' ' 

The infectious etiology of the lymphangitis seen 
in tlie cases of filariasis among military personnel 
has been investigated, using ordinary bacteriologi- 
cal procedures, and thus far cultures have failed 
to reveal hemolytic streptococci (6, 7). Cultural 
methods alone may, however, be inadequate, as 
was clearly demonstrated in cases of tropical 
lymphangitis (11), in which it was found to be 
difficult to isolate streptococci at the time of the 
attacks. It was shown, nevertheless, that the at- 
tacks were engendered by a streptococcal infec- 
tion, since the majority of these cases subsequently 
showed an immune response characterized by an 
augmented titer of antistreptolysin “O" in the 
blood. 
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The present report deals with an' investigation 
of antistreptolysin titers in the blood of soldiers 
suffering from recurrent lymphangitis associated 
with filariasis. The study was. undertaken to ob- 
tain additional evidence-fbr or against streptococ- 
cal infections as a factor in producing the; symp- 
toms exhibited by these men. 

CLINICAL MATERIAL AND GENERAL PROCEDURES 

The clinical material consisted of 45 cases of suspected 
filariasis among military personnel recently returned from 
the South Pacific area, most of whom were observed by 
the authors at the Halloran General Hospital, Staten 
Island, New York.i The remaining cases were seen at 
the Harmon General Hospital, Longview, Texas, by 
Colonel Alexander .Marble and Captain A. A. Goodman, 
'through whose interest and cooperation the clinical data 
and blood specimens were obtained. 

All of the cases gave a history of one or more attacks 
of lymphangitis beginning S to 12 months after their 
initial exposure to infection, and the majority had re- 
gional lymphadcnopathy at the time of examination. 
Many of the men had also noted transient painful swell- 
ings of the spermatic cord or scrotum, although only a 
few showed persistent enlargement of these structures. 
None of the cases gave a history of recent sore throats 
or other infections of the respiratory tract, nor of in- 
fections following injury to the body surface, but nearly 
all had had an attack of lymphangitis within 2 montlis 
preceding the date when blood was drawn for determina- 
tion of the antistreptolysin titer. 

Antistreptolysin titers were determined on single speci- 
mens of blood from each case; multiple specimens could 
not be obtained owing to the early transfer of the patients 
to other areas. The tests were performed by a modifica- 
tion of the method described by Coburn and Pauli (12), 
tlic final titers being reported as the highest dilutions of 
inacthmed sera that would completely neutralize one 
standard unit of streptolysin (Todd). 

Each patient was also skin-tested with filarial antigen 
prepared from Lilotiwsoidcs caruiH, as described in a pre- 
vious publication (8). One tenth ml. of this antigen, in 
a dilution of 1-200, was injected intracutancously on the 
volar surface of one forearm, together with a similar 
amount of the diluent alone on the other forearm as a 
control. Positive reactions were characterized by the al- 
most immediate appearance of an urticarial wheal at the 
site of the injected antigen, accompanied by surrounding 
ciylhcma and usually by some local itching. The in- 
tensity of the reactions was estimated by measuring the 
longest perpendicular diameters of the wheals, 10 minutes 
after Injection. 

Illood smears to l>e examined for microfilariae were 
obtained by preparing thick films as for malarial parasites, 

' These cases were rtvnlc as-allablc for study through 
the kindness of Colonel Ralph G. Dc Voe. Commandir.g 
O.^Ticcr of Halloran General Hospital. 


de-hemoglobinizing in tap water, fixing in equal parts of 
ether- and absolute alcohol, and staining wdth hematoxylin. 

RESULTS 

Aniisirepfolysin titers. The results of the tests 
for antistreptolysin titers are recorded in Table I. 


T.A.BLE I 

Dislribulion of antistreptolysin titers in 45 cases of 
filariasis among military personnel 


Antistreptolysin 

titer 

Number of 
cases 

Antistreptolysin 

titer 

Number of 
cases 

20 

2 

125 

2 

33 

4 

142 

7 

62 

4 

166 

4 

71 

4 

200 

3 

83 

5 

250 

3 

100 

2 

333 

3 

1.1 

2 




It will be seen that the titers varied from 20 to 
333 units per ml. of serum ; but, of the 45 cases, 
only 6 were found to have titers of 250 or more, 
while the remaining 39 cases showed values of 
200 or less. It is the opinion of most observers 
that the range of antistreptolysin titers which may 
be regarded as normal is variable; however, for 
single specimens, it is generally considered that a 
titer of 250 units or more is elevated, while a titer 
lower than this is within normal limits (13). Ac- 
cording to these criteria, therefore, the great ma- 
jorit>' of the cases of filariasis failed to show sero- 
logical evidence of an antecedent streptococcal in- 
fection. 

It is of interest furtlier to compare the anti- 
streptolysin titers obtained in this group of 45 
cases with those found by others (14) among 47 
normal male medical students. The figures for 
the two groups are given in Table II and show an 


table n 

Comparison of antistreptolysin titers in 45 eases of 
filariasis and 47 norm.al adult m.ales 


AnU*treptoIj*?in titers 

4S cf 

f.liriasls 

<7 

(Rir.tr. Kiiiry 

Titer I00orlc«s 

21 

23 

Titer 101 to 166 

15 

IS 

Tntr 200 

3 


Titer 2S0-f 

6 

6 


extremely dose correlation, which h evidence 
the distribution of li-.e ar.tistrcj-jtc’.ysin titers 
among the cases c: filariasis is similar to li'-"! 
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TABLE in 

Antistreptolysin titers in a case of tropical lymphangitis initiated by a hemolytic streptococcal infection 


Interval after attack of lymplianfiitis 



2 weeks 

3 weeks 

4 weeks 

S weeks 

8 weeks 

13 weeks 

23 \vrck3 

Antistreptolysin titer 

550 

550 

550 

620 

830 

550 

o 

o 


which may be found in normal males of approxi- 
mately the same age. 

In Table III, serial determinations of the anti- 
streptolysin titer in a patient from the Caribbean 
area who suffered a typical attack of "tropical 
lymphangitis” are recorded. It will be noted that 
the antistreptolysin titer, which was 550 units 2 
weeks after the attack, was still elevated at the 
twenty-third week, when the tests were discon- 
tinued. The high titers in this case illustrate the 
type of response which led other workers (11) to 
the conclusion that most cases of tropical lymph- 
angitis are engendered by an infection with hemo- 
lytic streptococci; they are in marked contrast to 
the normal titers encountered in nearly all of the 
cases in our present series. 

Skin tests. The skin tests with filarial antigen 
prepared from L. carinii were positive in 38 of the 
45 cases, an incidence of 84.5 per cent. These re- 
sults are almost identical with those obtained (2, 
6) in a large series of cases tested with Dirofilaria 
immitis antigen, and serve to indicate that the ma- 
jority of the men had serological as well as clinical 
evidence of a filarial infection. 

No correlation was observed between the size of 
the skin wheals and the levels of the antistrepto- 
lysin titers, as is shown in Table IV. However, 
it was noted that the men who had suffered most 
severely from recurrent lymphangitis were, in a 
number of instances, those who displayed tlie most 
marked cutaneous responses to filarial antigen. 

Microfilariae in the blood. Microfilariae were 
detected in the blood of only one patient. This 
finding is in harmony with that of the other in- 
vestigators who have studied recently acquired 
filariasis among our military personnel (2, 3, 5, 
6 ). 

DISCUSSION 

Although a definitive diagnosis of filariasis was 
made in only one patient of the present series by 
the discovery of microfilariae in the peripheral 


blood, there is good indirect evidence that the 
great majority, if not all, of the men, were suf- 
fering from a filarial infection contracted during 
their residence in areas of the South Pacific where 
the disease is highly endemic. Their .symptoms, 
particularly the lymphadenopathy and recurrent 
Ijmiphangitis, strongly suggested such an infection, 
and it is especially significant, from the diagnostic 
standpoint, that a large proportion of the men had 
developed a demonstrable immunological reaction 
to an antigen prepared from a filarial worm which 
is closely related to JVnchcrcria hancrojti. 

The antistreptolysin titers were within normal 
limits in nearly all of these cases, only 6 of the 45 
showing titers which were high enough to suggest 
the possibility of a recent streptococcal infection. 
These findings are in contrast to those of Morales 
and Pomales among cases of so-called "tropical 


TABLE IV 


Comparison of intensity of cutaneous reactions to filarial 
antigen and level of antistreptolysin titers in 
45 cases of filariasis 


Case 

Skin tests: 
diameters 
of wheals 

Antistrep- 

tolysin 

titers 

1 

cm. 

1.1 X 1.1 

71 

2 

1.2 X 1.0 

62 

3 

1.2 X 1.0 

83 

4 

1.2 X 1.1 

33 

5 

1.2 X 1.1 

200 

6 

1.3 X 1.0 

33 

7 

1.3 X 1.1 

142 

8 

1.4 X 1.4 

142 

9 

1.5 X 1.2 

166 

10 

1.5 X 1.3 

250 

11 

1.5 X 1.5 

33 

12 

1.7 X 1.5 

62 

13 

1.7 X 1.6 

125 

14 

1.7 X 1.7 

250 

15 

1.7 X 1.7 

142 

16 

1.8 X 1.5 

166 

17 

1.8 X 1.5 

142 

18 

1.8 X 1.6 

33 

19 

1.8 X 1.6 

142 

20 

1.8 X 1.7 

62 

21 

1.8 X 1.8 

100 

22 

1.9 X 1.7 

71 

23 

1.9 X 1.7 

142 


Case 

Skin tests: 
diameters 
of wheals 

Antistrep- 

tolysin 

titers 

24 

cm. 

1.9 X 1.8 

100 

25 

2.0 X 1.8 

111 

26 

2.0 X 2.0 

83 

27 

2.1 X 1.7 

333 

28 

2.1 X 2.0 

166 

29 

2.2 X 2.0 

83 

30 

2.2 X 2.0 

71 

31 

2.2 X 2.0 

200 

32 

2.4 X 1.8 

71 

33 

2.4 X 2.0 

62 

34 

2.5 X 2.3 

83 

35 

2.5 X 2.4 

333 

36 

2.6 X 2.2 

166 

37 

3.3 X 2.5 

200 

38 

Positive 

20 

39 

Negative 

250 

40 

Negative 

■333 

41 

Negative 

20 

42 

Negative 

111 

43 

Negative 

142 

44 

Negative 

83 

45 

Negative 

125 
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lymphangitis,” most of whom showed distinctly 
elevated levels of antistreptolysin in the blood fol- 
lowing attacks of the disease. It seems only rea- 
sonable to assume, therefore, that while a sec- 
ondary streptococcal infection may possibly have 
initiated the lymphangitis in a few of our cases, 
the responsible factor in the ipajority was of a 
different nature. 

Unfortunately, our clinical data were not suf- 
ficiently complete so that a truly accurate ap- 
praisal of tlie relationship between the severity of 
the clinical manifestations and the intensity of the 
cutaneous responses to filarial antigen could be 
made. We did note, however, that some of the 
most marked dermal reactions occurred in patients 
who had had severe attacks of lymphangitis. In 
one such individual, following the intradermal in- 
jection of 0.1 ml. of filarial antigen, a generalized 
reaction occurred within about 20 minutes. This 
reaction was characterized by the appearance of 
a pruritic, urticarial eruption over the chest, back, 
and abdomen, together with a marked facial edema 
and some dyspnea. 

In several other cases, red streaks ivere ob- 
served to radiate up the arm from the site of anti- 
gen injection, followed by transient edema of the 
neighboring soft parts. These secondary manifes- 
tations closely simulated a mild attack of lymphan- 
gitis, and it is of interest that they could be pro- 
voked by such a small amount of antigen injected 
to the skin. 

The sum of these obsen^ations leads us to con- 
clude, as have other investigators, that the recur- 
rent lymphangitis seen in these men can be ade- 
quately explained as the result of allergic reactions 
to the parasitic infection. 

SUMMARY 

Antistreptolysin titers were determined in the 
blood of 45 soldiers suffering from recurrent 
lymphangitis associated with filariasis contracted 
in the South Pacific. The titers were within nor- 
mal limits in 39 of the 45 cases. 

The attacks of lymphangitis in these soldiers 
appeared to be due probably to allergic reactions 


to the parasitic infection; secondary streptococcal 
infections ivere apparently of little or no conse- 
quence as an etiological factor. 
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10 “^ 10 "* , 10 -‘ 10“5 10 -« 10 -' 

3,4,4 3,5,5 5,6,6 5,6,7 +H — h, -I — h, ± +>+1 + 

(Figures denote day of death of individual mice, and plus 
signs refer to degree of pulmonary consolidation in survivors 
autopsied on the 10th day.) 

(2) Agglutinating titer for chicken’s red cells was 1280 
(6, 7). 

Subjects. The subjects were 102 male residents of a 
single ward of the Ypsilanti State Hospital, Ypsilanti, 
Michigan. The men ranged in age from 20 to 70 years, 
but the majority were between the ages of 30 and 54 
years. For the most part, they were able to give ade- 
quate descriptions of their symptoms. They were physi- 
cally active and almost all were productively employed in 
the various maintenance services of the institution. When 
not at their jobs, the men mingled in a large, modern, 
well ventilated day room and at night were quartered in 
spacious dormitories containing 20 to 30 beds each with 
space of approximately 3 feet between beds; a few men 
had individual rooms. They took their meals in a cafe- 
teria together with men from other wards. 

Vaccination. On December 21, 1942, alternate resi- 
dents of the ward received a subcutaneous injection of 1 
ml. of the combined Types A and B vaccine. In the 
same manner and at the same time, the others were given 
1 ml. of physiological salt solution containing formalin 
and preservative in quantities similar to that present in 
the vaccine. The subjects did not know which material 
they had received. Careful daily observations were made 
during the subsequent months during which time no 
evidence of influenza A was found. 

On April 21, 1943, the ward population comprised 45 
individuals who had received vaccine in December 1942, 
and 57 who were cither uninoculatcd or were given an 
inoculation of control material. At this time, 4 months 
after the initial vaccination, 17 of the 45 subjects in the 
vaccinated group were given a second inoculation of the 
same lot of vaccine which had been administered in De- 
cember. At the same time, 21 of the 57 in tlic unvacci- 
nated group received an initial injection of vaccine. The 
vaccine had been stored at 4° C. since preparation. 

Infection. On May 4, 1943, all subjects were exposed 
in a uniform manner to influenza virus Type A. Divided 
according to prior treatment, tlic ward population con- 
sisted of tlic following groups : 

(1) A control group of 36 unvaccinated individuals; 

(2) 28 men who had received v’accinc 4Vj months 
previously ; 

(3) 17 men who were twice vaccinated, both 41A 
months and 2 weeks prior to infection; 

(•?) 21 individuals who had received \’3ccinc 2 weeks 
before infection. 

.Ml subjects were kept from their usual occupations 
for 24 hours following exposure to the virus; however, 
as a group they visited the cafeteria for their meals. Pa- 
tients from other wards used th.e same dining luill at the 
same time, but intermingling of groups was avoided. 
.After tlic first day, all c.xcept those who were febrile were 
.allowctl to continue regular activity and to Lake meals in 


the cafeteria. Although quarantine precautions were not 
rigid, no evidence of influenza was observed at this time 
in any other group within the institution. 

The method for introducing the virus, using nebulizers * 
for dispersing the virus as a very fine spray, was the same 
as that previously described (8). The spray was directed 
by means of an adapter into each nostril for 2 minutes 
and the subject allowed to breathe the mist. Under a 
pressure of 10 pounds of air, the nebulizers delivered 
approximately 0.5 ml. of fluid during the 4 minutes’ expo- 
sure. The procedure was carried out on the ward in a 
treatment room directly off the corridor leading to the 
dormitories and day room. 

Since there was a free interchange of air between all 
rooms, virus which escaped into the atmosphere during 
the course of the spraying was widely disseminated. This 
was demonstrated by the isolation of virus from the lungs 
of mice exposed at several locations in the quarters. 
While the inhalation procedure was in progress, groups 
of 10 mice in wire-mesh cages were placed in the treat- 
ment room as well as in two other locations on the ward, 
about 25 to 30 feet away. Four days after exposure, 5 
mice in each group were given an intranasal inoculation 
of sterile broth to accentuate the effect of virus that might 
be present in their lungs (9). The fate of these mice 
was as follows : 


Exposed during 
spraying and in- 
ocubted intra- 
nasally with 
sterile broth 

Location Exposed during spraying 4 days bter 


Treatment room 
Corridor 
Day room 


6, 6, 6, 7, 9 

X-1-+.+, +, ± 

+, 0 , 0 , 0 , 0 


6, 6. 6, 7, 7 
7, 7. 7, 9, 9 
7, 9, 0, 0, 0 


(Numerals denote day of death after e.\-posurc. Symbols 
0 to -f-h-fH- indicate degree of pulmonary involvement 
in survivors autopsied on lOth day.) 

X only 4 mice in this group. 


It is seen that virus was present in sufficient concentra- 
tion in the atmosphere in different locations of the ward 
to infect mice exposed for several hours. 

Twenty-four hours after the spraying, 10 mice were 
exposed in the treatment room for 30 minutes, and tlicn 
treated as above. No pulmonary lesions were observed. 

Clinical obsen-ations. All subjects were examined for 
evidence of respiratory disease on the day before exposure 
to the experimental infection. Sublingual temperatures 
were taken for 5 minutes at that time and again immedi- 
ately before inhalation of virus. Sulisequcntly, all were 
observed twice daily by physicians and nurses, Tcnifiera- 
turcs, sjTnptoms, and signs of illness were rccordctl. Ob- 
servers did not know to whidi group th.e individiial sub- 
jects belonged. 

White blood cell counts we.'c o' .gained from 21 of sr.e 
subjects on Uic day before infection and ti'.en daily for 
4 days. 

Reentgenoeram.s of the cbeits of 3 individuals v. l.> hid 


^ Ncbub.rcrs for ute in idmini^ttrit'.- e*' 
made by G. E. Mille.-. I'iii’c-deljbia. Pen: 
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the most pronounced symptoms and fever were taken on 
the 3rd day of illness. 

Serology. Blood for serological study was obtained 
from all individuals vaccinated on April 21, 1943. On 
May 3, 1943, the day before exposure to virus, samples 
of blood were taken from all subjects for determination 
of the titer of antibodies in tlie serum before infection 
and for estimation of the response to vaccine in the inocu- 
lated individuals. Blood was again drawn 2 weeks after 
inhalation of the active virus. 

Antibody was titrated by measuring the capacity of 
serum to inhibit the agglutination of chicken’s erythro- 
cytes by influenza virus. The technique followed is a 
modification (7) of Hirst’s (6) . procedure. The sera 
were titrated against the PR8 strain of influenza virus. 
Type A. A single pool of antigen was used throughout. 
Some sera were also tested with the Baum strain which 
had been used for infection. No important differences in 
serological responses were noted. 

CLINICAL PICTURE OF EXPERIMENTALLY 
INDUCED INFLUENZA A 

The clinical picture of the experimentally in- 
duced infection resembled a mild form of the natu- 
rally occurring disease. The most common initial 
symptoms were chilliness, headache, generalized 
body aches, weakness, and cough associated with 
substernal soreness. A few individuals com- 
plained of slight irritation of the throat, mild 
nasal congestion, and aching eyes. Dizziness and 
nausea were each recorded once. Anorexia and 
insomnia were common. All degrees of severity 
of illness were observed, varying from the com- 
plete syndrome, with a sharp febrile reaction, to 
mild indisposition associated with definite but 
slight achiness and headache with little or no 
fever. 

While temperatures of 99° to 99.8° may have 
reflected a mild illness, these were difficult to 
evaluate since they were noted irregularly in indi- 
viduals before infection. Correlation between 
symptoms and degree of fever revealed that tem- 
peratures of 100° F. or more could be considered 
indicative of distinct clinical disease and a tem- 
perature of less than 100° was therefore not con- 
sidered to be evidence of infection. 

In the group of unvaccinated subjects, the 
highest temperature observed was 103° F, In 
the majority of those who developed distinct fe- 
brile reactions, temperatures of 100° or more were 
first noted \vithin 24 hours after inhalation; in 
the remainder, fever began between 24 and 48 
hours after exposure to the ^^rus. On the basis, of 


temperatures taken twice daily, elevations of 100° 
or more lasted in most instances no longer than 
24 hours after onset, in a few pcr.si.stcd for 48 
hours, and for as long as 60 hours in only one 
subject. In no instance in which the maximum 
temperature recorded was less than 101° did fever 
last longer than 24 hour.s. However, the ma- 
jority of those with temperatures of 101° or more 
had fever persisting more than 24 hours. No 
difference was apparent in the features of illness 
observed in vaccinated and control subjects when 
cases with corresponding degrees of fever were 
compared. 

Physical examination revealed flushed skin and 
varjdng degrees of prostration, usually paralleling 
the height of fever. Spasmodic, dry cough com- 
monl}' appeared earlj’. lu some, on the second 
day of illness, slight redness of the pharv'ngcal 
and nasal mucosae was evident, occasionally ac- 
companied by ‘nasal congestion. Abnormal 
phj'^sical signs were detected in the chests of 3 
of the subjects with the most marked reactions. 
The findings, over localized areas and involving 
a major portion of a lobe, were medium, high- 
pitched, sibilant rales, more marked during the 
expiratory phase of respiration, together with 
scattered, fine, moist rales, audible during both 
inspiration and expiration. Breath sounds were 
diminished slightly in intensity and were of 
bronchovesicular quality. No obvious alteration 
in percussion note accompanied the auscultatorj'' 
findings. Roentgenograms of the chest on the 
3rd day of illness revealed no abnormalities in 
any of the 3. The abnormal physical signs dis- 
appeared within 1 week. 

In the most severe cases, a moderate degree 
of asthenia v^as present for several days after 
subsidence of fever, and a slight spasmodic, non- 
productive cough persisted in many for as long as 
a week. On the whole, the disease was mild with 
prompt and uneventful recovery. 

White blood cell counts taken on days follow- 
ing inoculation tended to be lower in comparison 
with the pre-inoculation level. This trend was 
not uniform nor did it occur to a marked degree. 

DISTRIBUTION OF CLINICAL DISEASE IN CONTROL 
and VACCINATED GROUPS 

Analysis of the clinical responses of the dif- 
ferent groups to inhalation of virus revealed dis- 



Vaccination against influenza a 


539 


TABLE I 


Effect of siiiculaneous vaccination upon febrile response of hurpan subjects to induced infection with influenza virus, Type A 


Vaccination record 

Number 

of 

subjects 


- 


Highest temperature 




<99 j 

99 + 

100 -t- 

101 + 

102+ 



No. 

Percent 

No. 

Percent! 

No. 

Percent 

No. 

Percent 

Unvaednated 

36 

7 

19 

29 

81 

18 

50 

9 

25 

-4 


4§ mos. before 

28 

8 

29 

20 

71 

9 

32 

3 

11 

1 


2 weeks before 

21 1 


33 

14 

67 

3 

14 

0 

0 

0 


mos. and 2 weeks before 

17 


35 

11 

65 

3 

18 

0 

0 

0 



tinct and significant differences (2). The results 
have been expressed in terms of the number of 
subjects reacting with temperatures above the 
various levels in order to emphasize the observa- 
tion that among the several groups there is a 
difference not only in the incidence of tempera- 
tures above 100° F., but in the severity of illness 
as well, as is indicated by the height of the febrile 
response. Table I summarizes the maximum tem- 
peratures recorded. Temperatures of 100° or 
more were observed in 50 per cent of the con- 
trols, in 32 per cent of those vaccinated 4^/^ 
months before exposure, in 14 per cent of those 
vaccinated 2 weeks before, and in 18 per cent of 
those vaccinated both 4Y2 montlis and 2 weeks 
before ; the incidence in the 2 groups, totalling 38 
individuals, who had been vaccinated 2 weeks 
before infection was 16 per cent. Moreover, none 
of the latter had temperatures higher than 100.8°, 
while 25 per cent of the control group and 11 
per cent of the men vaccinated months earlier 
had fevers of 101° or higher. Febrile reactions 
of 102° or more were obsen^ed in 11 per cent of 
the controls as compared with 4 per cent of the 
group vaccinated AY 2 months before infection. 

T!ie immunizing effect seemed to be more 
marked in the 2 groups vaccinated within 2 weeks 
of exposure. Individuals receiving 2 inoculations 
4 Y 2 months and 2 weeks prior to exposure ap- 
peared to have liad no adrantage over tliosc re- 
ceiving a single inoculation within the shorter 
intcr\-al. The group \'accinated but once, 4V'; 
montlis before infection, was not as resistant as 
cither of the other 2 \-accinatcd groups, suggesting 
that immunity m.ay have wanerl in the 4yo-month 
intcr^-al between \-accination and exposure to in- 
fection. It is interesting to note that the distinct 
clinical reactions in the former group occurred 


chiefly among those who had the lower titers of 
serum antibody. 

SEROLOGICAL RESPONSES OF VACCINATED AND 
REVACCINATED SUBJECTS 

Antibody responses were determined in sub- 
jects receiving their initial injection of vaccine in 
April 1943 as well as in those subjects who were 
reinoculated at that time, 4 months after their first 
injection. Antibody response to the vaccination 
done in December 1942 was studied in only 10 
per cent of the population vaccinated at that time. 
Consequently, the number of subjects in the pres- 
ent group who were tested following vaccination 
are too few to discuss. Since antibody response 
of human subjects to vaccination varies widely, 
studies of the antigenic activity of vaccines must 
be done in large groups of individuals. For this 
reason, the results obtained in the small groups 
involved in this experiment can be considered to 
indicate, only in a general way, the antigenic ef- 
fect of the vaccine. Studies on larger groups, 
spread throughout a greater population will be 
reported subsequently (11). 

As shown in Figure 1, 17 of the 21, or 81 per 
cent, of the group \-accinated for the first time 2 
weeks before infection had 2-fold or greater in- 
crease in antibody titers and 12, or 57 per cent, 
had increases in titers of 4-fold or more. In the 
rcraccinatcd group, 6 of 16 tested, or 38 per cent, 
had 2-fold or greater increases in titers, and only 
2, or 13 per cent, had greater than 2-foM in- 
creases. Both of the latter had titers of less than 
32 prior to the second injection. As lias been 
obscr^'cd previously, changes in titers occur less 
regularly and arc of relatively slight degree in 
indhnduals who have h.igh antilwy titers .at the 
time of injection (12), Revsaednation app-earod 
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A B 

Fig. 1. A. Change in Type A Antibody Titer Following First Injection of 
Vaccine. B. Change in Type A Antibody Titer Following Second Injection 
of Vaccine, 4 Months After First 


to have had only a slight influence on the anti- 
body levels of the group as a whole. In this re- 
spect, reinoculation of a group of adults, who 
probably have had multiple experiences with in- 
fluenza viruses, did not seem to have a “booster” 
effect. 

RELATION BETWEEN TITER OF SERUM ANTIBODY 
AND RESISTANCE TO INFECTION 

The data obtained in this experiment were ex- 
amined to determine whether or not resistance to 
infection, as measured by febrile reaction, was, to 
any degree, related to the level of serum antibody. 
The relationships are shown in Figures 2 and 3. 

In general, the data in Figure 2 reveal that in 
the unvaccinated group antibody titers were in 
the lower range, while in the vaccinated groups 
antibody titers were higher. Moreover, the inci- 
dence and degree of distinct febrile reactions were 
greater in un vaccinated subjects as compared 
with vaccinated individuals. It is readily evident 
from tliese results that no striking relationship 
between antibody level and resistance is apparent 
in any one of the 4 groups, and that if any rela- 
tionship does exist, the number of individuals in 
each group is too small to show it conclusively. 
It can be pointed out that in the group vaccinated 
months before infection, 6 of 9 who developed 


distinct febrile responses had antibody titers of 
128 or less, while 3 out of 17 who had titers of 
256 or greater had distinct fever. On the other 
hand, of the group vaccinated 2 weeks before in- 
fection, there were 8 out of 9 with titers of 128 or 
less who failed to exhibit a clinical response, while 
10 out of 12 with titers of 256 or greater did not 
respond witli a significant degree of fever. 

When a composite chart is made, by super- 
imposing all 4 groups, it is seen that those who 
had febrile reactions tended to have the lower 
antibody titers. Among those with titers of 256 
or more, there were few who had a febrile re- 
sponse. When the incidence of temperatures of 
100° or more is determined at each level of serum 
antibody before infection, distinct differences be- 
come evident. Table II summarizes the observa- 
tions illustrated in Figure 3. Temperatures of 
100° or more were noted in 26, or 49 per cent, 
of 53 individuals having pre-infection antibody 
titers of 128 or less ; in 7, or 19 per cent, of 36 
with titers of 256 and 512; and in none of the 13 
having titers of 1024 or greater. When a sepa- 
ration is made between those with titers of 128 
or less, and 256 or more, dividing the group ap- 
proximately in half, temperatures of 100° or more 
were found to have occurred in 49 per cent of 
subjects in the low antibody group as compared 
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TABLE U 

Incidence of febrile reactions of 100° or more in relation to 
pre-infcciion antibody tiler 


Incidence of temperature of 100° or more 


Antibody titer 

No.* 

i 

j Per 

I cent 

No.* 

Per 

.cent 

[ 

No.* 

Per 

cent 

32 or less 

4/8 

50 





64 

12/25 

48 

26/53 

49 

26/53 

49 

128 

1 

10/20 

50 





256 ! 

i 

4/21 

19 

7/36 

19 



512 ! 

3/15 

20 

7/49 

14 

1024 or more 

0/13 

0 

0/13 

0 

i 



* Numerator = Number of individuals having tempera- 
ture of 100® or more. 

Denominator = Total number in each group. 


with 14 per cent of individuals having the higher 
levels of antibody. Only one of the latter had as 
much as 101°, while 11 of the former had 101° 
or more. 

Because of the preponderance of unvaccinated 
subjects in the low antibody group and of vacci- 
nated individuals in the higher antibody group, 
as well as the fact that the vaccinated subjects do 
not represent a uniform group with regard to 
vaccination experience, the data do not permit a 
conclusive statement regarding the relationship 
between antibody level and resistance. 

SEROLOGICAL DIAGNOSIS OF INFECTION IN 
VACCINATED SUBJECTS 

In the course of these studies with experi- 
mentally induced infections, cases of clinical in- 
fluenza have been observed both with and without, 
corroborative serological reactions. When the 
number of cases showing dissociation between 
clinical reaction, as measured by febrile response, 
and serological change, are compared in the con- 
trol and vaccinated groups, distinct differences 
are evident. Figure 4 relates maximum tempera- 
ture to antibody response following the inhala- 
tion of virus. These results are summarized in 
Table III. 

These data clearly reveal a greater incidence 
of positive serological reactions following the in- 
halation of active influenza virus in unvaccinated 
as compared with previously vaccinated subjects; 


tabm; nr 

Jiclalion of serological response to febrile renetior. follmvir.!; 
inhalation of active virus in control and vaccinated subjects 


Tcrnpcrntiirc rr.ictinn 


Antibody 


100 

-I- 


< 100’ 









response 

Corilrolit 

V.iccin.itcd 

Cfjiitroli 

V'ncci 

natrtl 


(18) 

(IS) 

j (18) 

(61) 


Ko. 

Per 

cent 

Nn. 

iVr 

cent 

No. 

IVr 

ernt 

N'o. 

IVr 

cent 

None 

2 

11 

8 

m 

10 

56 

•IS 

70 

Two-fold or 

16 

89 

7 

la 


•14 

13 

21 

grc.itcr 
Four-fold or 

13 

72 

1 

n 

B 

22 

2 

3 

greater 





B 





a similar relationship was found when a division 
was made on the basis of low and high antibody 
level before infection. This is true both among 
individuals who exhibited little or no clinical re- 
action, as measured by temperature, as well as 
among those showing a distinct clinical response. 
The fact that antibody rises can occur in the 
absence of any clinical evidence of infection has 
been repeatedly noted with the natural disease 
(13) and with induced infection (1, 8), but the 
present data emphasize again that clinical infec- 
tion does not always evoke measurable clianges 
in concentration of serum antibody. The point 
of significance here is that while a fairly high 
correlation exists between distinct clinical re- 
actions and positive serological responses in a 
group of unvaccinated individuals, the correlation 
between the two was very low in a group of vac- 
cinated subjects. Thus, if antibody response 
alone were to serve as index of infection, tlie 
evidence would be weighted in favor of the vac- 
cinated group. 

COMPARISON OF SEROLOGICAL RESPONSE TO 
VACCINATION AND INFECTION 

Serological reactions were compared in 2 
groups of subjects one of which received infec- 
tious virus by way of the respiratory tract and 
the other received non-inf ectious virus by the sub- 
cutaneous route. The results are shown in Figure 
5. The group used to illustrate the effect of in- 
halation of active virus is the unvaccinated con- 
trol group of 36 individuals. Half of the group 
of 41 illustrating the effect of vaccination is com- 
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Fig. 5. A. Antibody Titers Before and After Inhalation of Actii'e Influenza Virus, Type A. 
B. Change in Antibody Titer Following First Injection of VAcaNE (Type A) 


prised of the subjects vaccinated 2 weeks before 
exposure to the virus and the remainder consists 
of a group of similarly treated individuals who 
participated in another study (14). The simi- 
larities in response to the administration of virus, 
in either form, by the different routes was quite 
striking. The distribution of titers was such that 
titers of 128 or less were observed in 90 per cent 
of individuals before vaccination and in 37 per 
cent after; in the group receiving active virus by 
inhalation, 89 per cent had titers of 128 or less 
before treatment and 36 per cent had this level 
of antibody after treatment. 

Four-fold or greater increases in antibody titer 
were observed in 56 per cent of the vaccinated 
group and 47 per cent of the group receiving the 
inhalation; while 2-fold changes in titer occurred 
in 32 per cent of the vaccinated and 19 per cent 
of the infected groups. Titers were unchanged 
in 12 per cent of the vaccinated as compared with 
33 per cent of the group treated with active virus. 
Although approximately the same proportion of 
subjects reacted with 4-fold or greater increases 
in antibody titer following either procedure, pro- 
portionately fewer individuals failed to show some 
degree of change in titer after vaccination as com- 
pared with infection. The levels to which anti- 


body titers were raised were not strikingly dif- 
ferent. Similar findings have been reported by 
others (1), 

DISCUSSION 

In earlier studies, Francis (10) had shown the 
importance of the quantitative relationships be- 
tween the immunizing dose of influenza virus 
and the resultant immunit}'' in ferrets or mice. 
Certain investigators (15) have reported that, 
within limits, proportionately higher antibody 
levels are obtained when vaccines containing in- 
creasing amounts of influenza virus are injected 
subcutaneously in humans. ^Vh^le others (1) 
were able to demonstrate the protective effect of 
subcutaneously injected allantoic fluid vaccine con- 
taining influenza virus Type A, against induced 
infection in children, they noted no difference in 
the antibody response among groups receiving 
different amounts of virus. Despite the lack of 
direct evidence in human individuals, the possi- 
bility remained that, with larger amounts of virus 
in^ the vaccinating dose, the immunity developed 
might be more readily demonstrable. Conse- 
quently, in the present studies, a concentrated 
vaccine was used. 

Because the results herein reported were ob- 
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tained by experimental infection, their interpre- 
tation in terms of the natural disease must retain 
certain reservations. Nevertheless, by these 
means, it has been possible to demonstrate greater 
resistance to infection with influenza virus. Type 
A, in groups of vaccinated subjects than in a 
similar group of unvaccinated controls. The rea- 
son why there was a relatively large number of 
persons who responded with febrile reactions in 
the group vaccinated 4% months previously can- 
not be fully explained. It could represent the 
results of a failure to develop immunity following 
vaccination or it could mean that there had been 
a decrease of an immunity which originally was 
developed in response to inoculation. However, 
in view of the fact that the groups vaccinated 2 
weeks before infection were more resistant, the 
increased amount of clinical illness in those vac- 
cinated 4 months before testing suggests that the 
result was related to a waning of resistance which 
had been more marked earlier. The question of 
duration of immunity following vaccination re- 
quires further study. 

Information regarding the effect of re-inocula- 
tion in increasing the titer of circulating antibody 
and its relation to immmunity is limited to the 
observations upon one group of 16 individuals. 
This has revealed that in a group re-vaccinated 4 
months after their initial inoculation, 6 of 16, or 
38 per cent, sliowed a 2-fold or greater increase in 
titer, and only 2, or 13 per cent had greater than 
2-fold increases. Both the latter had titers less 
than 32 prior to the second injection. Failure of 
the second inoculation, given 4 months after the 
first, to provoke a further rise in antibody in 
many of the subjects and only a slight rise in 
others, may be due in part to combination of anti- 
gen witli antibody, rendering tiie virus antigeni- 
c.'illy ineffective. Wliat effect the second inocula- 
tion may have upon tlie persistence of the anti- 
body level is not known but it is clear that the 
additional inoculation after 4 months did not 
function as a booster dose. 

In the present study of induced influenza, there 
was an o])porumity to observe tlic variation in 
serologic.al response in subjects who developed 
the disease. While a fairly high correlation was 
found to exist l)ct\vccn distinct clinical responses 
and positive serological reaction in a group of un- 
vaccinated individuals, the correlation between 


the rivo was very low in a group of vaccinated 
subjects. The reason for this dissociation be- 
tween clinical and serological response is believed 
to be related, in part at least, to the existence of 
relatively high antibody titers before infection in 
the vaccinated groups. It is again evident in the 
present study that experimental influenza can 
actually be induced without a demonstrable in- 
crease in serum antibody during convalescence. 
This observation supports further the notion that 
a certain number of cases, occurring during out- 
breaks of the natural disease, without serological 
response, still represent infections wdth influenza 
virus. 

Serological response in a group of individuals 
previously exposed to inhalation of attenuated ac- 
tive virus has been employed as index of infec- 
tion (16). For the most part, these subjects had 
relatively high antibody titers after their first ex- 
posure, and failure of the group as a whole to 
respond with a second antibody rise was taken to 
signify immunity. The results of the present 
study emphasize the fact that if serological find- 
ings, rather than clinical obser^’ation, are used as 
index of infection, the evidence is immediately 
weighted in favor of tlie \'accinated or recently in- 
fected group. As a result of this study of the 
effectiveness of vaccination against experimentally 
induced influenza A, it has become apparent that 
laboratorj'^ criteria of infection alone are not suf- 
ficient to determine the effectiveness of vaccina- 
tion against the natural disease. 

SUMMARY 

The protective effect of a vaccine containing 
inactivated influenza viruses T}'pes A and B 
against induced infection with the Type A virus 
has been studied in man. Distinct clinical reac- 
tions, evidenced by temperatures of 100® or more, 
were observed in 50 per cent of the controls, 32 
per cent of those \-accinated 41,-> months before, 
14 per cent of those \’accinated 2 weeks before, 
and IS per cent of those vaccinated twice. Idorc- 
over, none in the latter two groups b.ad tempera- 
tures higher than lOO.S®, while 25 per ccsit of 
the controls and II per cent of tlse gret'p \-acc:- 
nated 41 i; months before had fever of 1 01® or 
higlier. 

Distinct febrile reactions, following rxr-'*'urc to 
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virus, occurred in 49 per cent of 53 individuals 
having pre-infection antibody titers of 128 or less 
and in only 14 per cent of those with titers of 
256 or more. Moreover, only one of the latter 
had as much as 101°, while 11 of the former had 
101° or more. 

Clinical signs of infection with influenza virus 
may occur with or without serological evidence; 
the latter set of circumstances is most commonly 
noted in vaccinated individuals with high anti- 
body titers. Similarly, serological evidence of in- 
fection may be obtained with or without obvious 
clinical signs. 

It was noted that a second inoculation of vac- 
cine, 4 months after the first, did not elicit a 
further sharp rise in antibodies. 

The question of duration of immunity following 
vaccination has been discussed. 
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In the previous paper (1), evidence was pre- 
sented to show that subcutaneous vaccination of 
human subjects with a vaccine containing in- 
activated influenza viruses, Types A and B, was 
followed by an increased resistance to experi- 
mentally induced infection with influenza virus. 
Type A. The present report deals with the clini- 
cal and laboratory results of a similar study illus- 
trating the effect of subcutaneous vaccination 
upon resistance of another group of individuals to 
induced infection with influenza virus. Type B. 


fected allantoic fluid that was employed for the human 
infection. The mouse lung tissue consisted of a pool of 
lungs containing virus which had been passed 1 to S times 
in mice, after 9 to 12 passages in ferrets. Allantoic fluid 
from the second and third egg transfers was concen- 
trated approximately 10-fold by adsorption onto red blood 
cells of the embryo and elution into physiological salt 
solution (3). Fluid containing the virus was placed in 
a rubber-capped vaccine vial and stored at 4° C. for 
one week before use. Tests for sterility were made. At 
the time the fluid was used to infect humans it had the 
following properties; 

(1) Infectivity for mice: 


10-s 10-3 10-< 10-“ 10-“ 10'^ 

3,4,4 3,4,4 4,4,5 5,6,+ + -Y 6, 7, -f-f-f -f-h-h-h, -f-f +, -f-f-h 

(Figures denote day of death of individual mice. Plus signs refer to degree of pulmonary consolidation in survivors 
autopsicd on the 11th day.) 


A brief summary of the clinical results has been 
reported (2), 

MATERIALS AND METHODS 

Vaccine, The vaccine employed was the same as that 
used in the preceding study (1) and contained influenza 
virus of both Typos A and B. The immunizing capacity 
of the vaccine for mice was such that 2 doses of 0.5 
ml. each of a 2 X 10-‘ dilution of vaccine, given intra- 
pcrifoncally a week apart, protected mice against at least 
1,000 SO per cent mortality doses of mouse passage Lee 
virus, given intranasally, 1 week after the last intra- 
pcritoncal injection. 

Virus preparation used for infection. The Lee strain 
of Type B influenza r-irus was used. Virus contained in 
frozen and dried lung tissue of mice infected with thb 
strain was transferred to eggs for preparation of the in- 


3 These investigations were aided through tlie Commis- 
sion on Influenza, Baird for the Investigation and Con- 
trol of Influenza and oilier Epidemic Diseases in the 
Army, Preventive Medicine Sendee, Ofiicc of the Sur- 
geon General, United States .\rmy. Tliis study was also 
aided hy a grant from the Intcmatiomil Health Division 
of the Rockefeller Eound-Uicn. 

•Fellow in the Medical Sciences of the National Re- 
search Coundl 1942-1943. 


(2) The hemagglutination titer was 10, 240 (4, 5). 

Subjects. The subjects were similar to those described 
in the preceding paper (1) and included 96 men residing 
in a single ward of the Ypsilanti State Hospital, Ypsi- 
lanti, Michigan. 

Vaccination. On December 21, 1942, a subcutaneous 
injection of 1 ml. of the combined Types A and B vaccine 
was given to each patient in half of the ward population. 
The others were given physiological salt solution contain- 
ing formalin and preservative in the quantities present in 
the vaccine. 

During the subsequent AVs months, all cases of respira- 
too' disease resembling influenza were studied. Although 
a few sporadic cases of Type B influenza were observed 
in some of the women's wards in March, 1943, no evidence 
of Type B infection was found in the male side of the 
instiution. 

On April 13, 1943, approximately 4 months after th.e 
initial inoculations, the residents of the ward comprised 
46 vaccinated persons and 50 uns-accinated controls. .41 
this time, 19 of the s-acciruited group were given a tec.ond 
injection of tlic same lot of vaccine administered in De- 
cember; 23 of the control group received an initial injec- 
tion of s-accine. 

Infection. Tsvo weeks le-fore exyo'ure to i.nfect: -n l y 
inluhition o: the I^ee strain of Type B vi.-us. th- sub- 
jects i.nvolved in the peetent experiment •-.’•ale-; f-r 3 
minute allantoic fluid centainirr rise Baum strain of T-.-e 
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A virus. The experiment was unsatisfactory since only 
a few febrile reactions were observed after tliis brief pe- 
riod of inhalation. Accordingly, the Type A experiment 

(1) was repeated on an adjacent ward and the present 
group was used in the test with the antigcnically un- 
related Type B virus. 

On May 10, 1943, all subjects were exposed to infec- 
tion with the Lee strain of influenza virus Type B. At 
this time, the ward population was comprised of the 
following groups: 

(J) A control group of 27 unvaccinated individuals; 

(2) 27 men who had received vaccine months 
previously ; 

(3) 23 individuals who had received vaccine 4 weeks 
before infection; 

(4) 19 men who were vaccinated both 4% months and 
4 weeks prior to infection. 

The methods of inducing infection and of making ob- 
servations were essentially the same as described in the 
previous study. The only difference was in tlie duration 
of exposure. In the present experiment, approximately 
0.6 ml. of fluid containing virus was inhaled during a 
period of 5 minutes. Virus was distributed in the atmos- 
phere during the spraying procedure and persisted in the 
ward for at least 24 hours; virus was detected by expo- 
sure of mice in the manner described in the previous 
report (1). 

Throughout the interval of 7 hours during which the 
virus inhalation was being administered, groups of 10 
mice in wire mesh cages were kept in the treatment room 
and in two other locations on the ward, 25 to 30 feet 
away. On the following day, another cage of 10 mice 
was placed on the floor of the corridor just outside the 
treatment room for a period of 2 hours. Half the mice 
in each group were given an intranasal inhalation of 
sterile broth 4 days after exposure of the original groups. 
All were observed for 11 days, at which time survivors 
were autopsied for evidence of pulmonary involvement. 
The results were as follows: 


tions were also made !)y pliysicians. OI)scrvcrs did not 
know to which group the subjects lielongcd. 

Wliilc blood cell counts were olitaincd from 21 indi- 
viduals on the day of exposure to tlu; virus and tiicn 
daily for 3 days. 

Scroloffy. Blood for serological study was obtained 
from individuals vaccinated on April 13, 1943, On .April 
27, 1943, samples of blood were taken from all subjects. 
Titers of antibodies in the sera were determined tising 
the agglutinin-inhibition reaction (4, 5). An interval of 
13 da 3 ’s elapsed between the prc-infection bleeding and 
exposure to the virus. Blood was drawn 2 weeks after 
inhalation of the active virus. 

CLINICAL PICTURE OF EX PERI. MENTALLY INDUCED 
INFLUENZA B 

The clinical picture of the experimentally in- 
duced Type B infection was similar to that previ- 
ously described (6). When compared with the 
illness induced by the Type A virus (1), several' 
differences were evident. In the Type B infec- 
tion, the incubation period appeared to be shorter, 
with symptoms and fever beginning less than 20 
hours after inhalation of the virus. The illness 
was milder and of shorter duration than in the 
infection induced \vith the Type A virus. In only 
one subject did a temperature of 100° or greater 
persist longer than 24 hours after exposure to the 
virus. The maximal temperature obsen^ed was 
102.6°. In the Type B infection, respiratory 
symptoms were usually absent, and in only a few 
instances was a mild, dry cough observed. Symp- 
toms of chilliness, headache, bodyaches, and mal- 


Location 


Exposed only 


Exposed and inoculated intianasally 
with sterile broth 


Treatment room 7, 7, 7, 8, 9 6, 7, 7, 7, 8 

Corridor 9, -f-k-f-, -k-f-i-, -k-k, -k-k 7, 7, 7, 7, 8 

Day room -k-k, 0, 0, 0, 0 7 ^ 0, 0 

Outside treatment room 

24 hours later 0, 0, 0, 0, 0 -k-k-k-k, -k-k-k, -k-k-k, -k-k-k, -k-k-k 


(Numerals denote day of death after exposure. Symbols indicate degree of pulmonary involvement in survivors 
autopsied on 11th day.) 


Apparently active virus persisted in the atmosphere or 
floor dust in the vicinity of the mice exposed 24 hours 
after the virus was sprayed. 

Clinical observations. Before admission to the group 
all subjects were examined for signs of respiratory dis- 
ease. Temperatures were taken sublingually prior to and 
then twice daily for several days following the inhalation 
of virus. All subjects were seen twice daily by nurses 
who were familiar with their usual behavior. Observa- 


aise generally were parallel to the degree of fever. 
Recovery was complete in 24 to 48 hours after 
the inhalation of virus. 

Physical signs of infection were few. Flushed 
skin and some prostration accompanied the fever. 
Signs of involvement of the respiratory tract were 
not detected. 
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DISTRIBUTION OF CLINICAL DISEASE IN CONTROL 
AND VACCINATED GROUPS 

As in the study with influenza A, temperature 
reactions of 100° or more were considered indica- 
tive of distinct clinical response. 

The febrile reactions of the vaccinated and con- 
trol subjects are shown in Table I. In the un- 

TABLE 1 

Effect of subcutaneous vaccination upon febrile response of 
human subjects to induced infection with influenui 
virus, Type B 


Highest temperature 


Vaccination 

record 

Num* 
ber of 
sub- 

<99 

99 + 

100 + 

1 

101 + 

1 

102 + 


jects 

1 

No. 

1 

Per 

cent 

No. 

1 

Per 

cent 

No. 

1 

Per 

cent 

No. 

Per 

cent 

No. 

Per 

cent 

Unvaccinatcd ' 

27 

S 

19 

22 

81 1 

11 

41 

6 

22 

2 

7 

4i -mos. before ' 

27 

12 

44 

15 

S6 

2 

7 

0 

0 

0 

0 

4 weeks before ' 

23 

12 

52 

U 

48 1 

3 

13 

0 

0 

0 

0 

4i mos. and 4 
weeks before 

19 

4 

21 

IS 

79 


11 

0 

0 , 

0 

0 


vaccinated group, 11, or 41 per cent, of the 27 
individuals had temperatures of 100° or more; 6, 
or 22 per cent, had temperatures of 101° or above; 
and 2, or 7 per cent, had temperatures of 102° or 
higher. Of the 69 vaccinated subjects, 7, or 10 
per cent, had temperatures between 100° and 
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100.8°, while none had a higher temperature. 
There w'as no significant difference in the re- 
sponses of the groups vaccinated 4% montlis be- 
fore, 4 weeks before, or raccinated twice before 
exposure. In contrast to the results obtained in 
the study witli influenza A, there appears to have 
been no difference in resistance of the group vac- 
cinated Ayo months before, as compared with the 
groups inoculated within the shorter interv'al be- 
fore exposure to infection. 

SEROLOGICAL RESPONSES OF VACCINATED AND 
REVACCINATED SUBJECTS 

In this study, the antibody response to the Type 
B component of the vaccine was determined both 
in subjects receiving tlieir first injection and in 
subjects inoculated for the second time. The re- 
sults shown in Figure 1 were similar to those de- 
scribed for the Type A antigen. 

All 21 of the group vaccinated for the first time 
had a demonstrable increase in serum antibody; 
4, or 19 per cent, had a 2-fold change, and 17, or 
81 per cent, had a change of 4-fold or more. In 
the group of 17 who had been vaccinated 4 months 
earlier, 12, or 70 per cent, had no additional rise 
in titer following the second inoculation, and the 
rest showed only a 2-fold change. The distribu- 
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tion of titers before and after vaccination was as 
follows : In the previously unvaccinated group, 86 
per cent had titers of 128 or less before vaccina- 
tion, while after vaccination only 15 per cent re- 
mained within this zone. In the group receiving 
their second dose of vaccine, 2, or 12 per cent, had 
titers of 128 or below, both before and after the 
inoculation. Thus, the effect of the initial inocu- 
lation persisted for an interval of 4 months and 
vaccination at this time exerted little or no effect 
upon the serological titer. These observations 
conform with those described in the previous 
study (1), 

RELATION BETWEEN TITER OF SERUM ANTIBODY 
AND RESISTANCE TO INFECTION 

Analysis of the data of this experiment, in order 
to determine to what extent resistance to induced 
influenza B may be related to the level of serum 
antibody, has revealed essentially the same prob- 
lem that was encountered in the experiment with 


influenza A, As shown in Figure 2, the distribu- 
tion of antibody titers in the control group was 
predominantly in the lower range, while in the 
vaccinated groups, titers were clearly higher. 
Since, in any one group, antibody titers were 
cither in the lower or upper zones, the presence 
of any relationship between antibody level and 
resistance would not be evident from an examina- 
tion of the results observed in any one of the 4 
groups. However, from the composite chart, it 
appears that the incidence and degree of febrile 
reactions were lower in the group of individuals 
with antibody titers in the higher zone, as com- 
pared with those having lower levels of antibody. 
Of 58 subjects with antibody titers of 256 or 
above, only 5, or 9 per cent, had temperatures of 
100° or more, while 15, or 35 per cent, of 37 indi- 
viduals having titers of 128 or less developed fever 
of 100° or more. Furthermore, only 1 of the 
former, and 9 of the latter, had temperatures ex- 
ceeding 100.2°, 
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DIAGNOSIS OF INFECTION BY SEROLOGICAL MEANS 

In the previous report, it was pointed out that 
while a fairly high correlation was found bet\veen 
distinct clinical responses and positive serological 
reactions to inhalation of active influenza virus 
Type A, in a group of unvaccinated individuals, 
the correlation between the two was very low in 
a group of vaccinated subjects. 

In the present experiment with a preparation 
of influenza virus Type B, there were many more 
instances in which clinical reactions occurred in 
the absence of serological reactions, both in con- 
trol and vaccinated subjects. Of the 12 subjects 
in the control group who had temperatures of 
100° or more, 7 had no demonstrable increase in 
antibody titer; while of the 9 subjects in the vacci- 
nated group who had this degree of fever, 8 had 
no rise in antibody titer. Among those in the 
respective groups who did not develop distinct 
fever, 68 per cent of the controls and 88 per cent 
of the vaccinated showed no increase in serum 
antibody. 

The reason for the low frequency of serological 
response in the presence of clear-cut clinical re- 
actions is not apparent. Several pairs of sera 
were tested by means of the mouse protection test, 
and the results confirmed the findings of the red 
cell 'test. 

COMPARISON OF RESISTANCE RESULTING FROM 
VACCINATION AND INDUCED INFECTION 

It is of interest to compare the results of the 
present study with those reported earlier (6) 
which were concerned with the response to a 
second exposure of individuals previously in- 
fected with influenza virus, Type B. There were 
certain differences between the two. In the re- 
infection study all 23 of the controls reacted with 
temperatures of 100° or higher and 14 of them 
had temperatures of 102° or more, while in the 
control group of the vaccination study, 11 of 27 
had temperatures of 100° or more and only 2 of 
them had temperatures of 102° or higher. Fur- 
thennorc, in the re-infection experiment, rectal 
temperatures were recorded, while in the \-accina- 
tion study temperatures were taken or.illv. 

The results of these two experiments arc coni- 
lurcd graphic-ally in Figure 3. Wliile tempera- 
tures Were generally higher in the re-inftvtion ex- 


periment as compared with the vaccination study, 
the relationship between the curves describing the 
febrile reactions in treated and control groups in 
both studies was similar. It is probable that the 
size of the challenge dose in the re-infection ex- 
periment had been too great for the forces of 
resistance in a considerable proportion of indi- 
viduals who might have resisted a smaller infect- 
ing dose. That the previous treatment in each 
instance had a buffering effect is clearly demon- 
strated. In fact, it almost seems that the recent 
infection exerted a greater effect than vaccination, 
as indicated by the degree of difference between 
control and treated groups in the respective ex- 
periments. While the greater difference between 
treated and controls in the re-infection study may 
indicate relatively greater resistance of recently 
infected subjects as compared with vaccinated 
individuals, it is equally conceirable that this effect 
may be related to the degree of multiplication of 
free virus available for infection, which probably 
does not vary in simple proportion with the 
amount of free virus present at the beginning of 
infection. 

DISCUSSION 

The results of the present study have dearly 
demonstrated the beneficial effect of subcutaneous 
vaccination in preventing infection with influenza 
virus, Type B, administered intranasally. The 
effect of tlie vaccine upon resistance appeared to 
have persisted for at least 4% months. It is ap- 
parent that, in general, the levels of serum anti- 
body in tlie vaccinated subjects were higher than 
in the umTiccinatcd individuals, and that clinical 
reactions were, for the most part, fewer and less 
marked in the former. Nevertheless, it is not 
possible to conclude from the present data that 
the beneficial effect of vaccination was due to the 
heightened concentrations of serum antibody. 

Wiatever relationship may exist between scrum 
antibody titer and resistance is certainly not an 
absolute one, as indicated by the obserwition th.at 
many individuals witii low levcl.s of scrum anti- 
body appear to have resisted infection, wliercas 
some with liigber concentrations of scru.m nnti- 
Ixxly dcvclopcfl distinct clinical reaction':. Be- 
cause of the superficial site of in.fiucnra infccti'’':;. 
relatively remote from the direct c.ffcct of inunur.e 
substances in tr.c bio-;*'!, i: is Iv-l-cve! tx'! th.e 
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Fig. 3. A. Re-exposure to Influenza B, 4 Months After Initial Infection. B. Exposure to 
Influenza B Infection Following Vaccination 


concentration of antibody in the general circula- 
tion cannot be considered more than an indirect 
index of immunity, and its significance is probably 
proportional to the effect it may have upon the 
concentration of antibody in the superficial secre- 
tions of the respiratory tract. Physiological fea- 
tures which might affect the interchange of anti- 
body between the two media could under these 
conditions influence resistance. 

The extent to which the mechanism which has 
been suggested is complemented by cellular modi- 
fications, which might result from repeated expo- 
sures and increasing age, in contributing to clini- 
cal immunity, is not known at the present time. 
However, recent studies (6) have shown that 
induced infection with influenza virus. Type B, 
did not result in uniform resistance to the same 
strain when tested 4 months later. It is true that 
the challenge infection was rather severe. Never- 
theless, the reaction at the time of the second ex- 
posure to virus was not one of complete refractori- 


ness, but rather one which might be interpreted 
as due to a quantitative reduction in the amount 
of virus available for infection (Figure 3). 

SUMMARY 

A study was made of the reactions of previously 
vaccinated individuals to intranasal administra- 
tion of influenza virus. Type B. 

A group of 96 human subjects was divided into 
4 groups. They were exposed to infection by 
inhalation of a strain of Type B influenza virus 
in the form of a concentrate of virus from allan- 
toic fluid. Clinically recognizable disease, associ- 
ated with fever of 100° or more, was observed in 
41 per cent of the controls, 7 per cent of the group 
vaccinated 4% months before infection, 13 per 
cent of the group vaccinated 4 weeks before, and 
11 per cent of those receiving two inoculations, 
4% months and 4 weeks before infection. 

The relationship between antibody level and 
resistance was analyzed and discussed. While 35 
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per cent of 37 individuals with pre-infection anti- 
body titers of 128 or less developed fever of 100° 
or more, 9 per cent of 58 subjects having antibody 
titers of 256 or above had distinct clinical reac- 
tions. Moreover, 9 of the former and only 1 of 
the latter had temperatures exceeding 100.2°. 

The restricted antibody response to revaccina- 
tion within an interval of 4 months, reported in 
the preceding studies of experimental influenza 
A, was again noted. 

The duration of the immunizing effect of the 
vaccine appeared to have persisted for at least 
AYz months. 
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A case of atypical hemolytic anemia, recently 
investigated in the Strong Memorial Hospital, 
furnished an unusual opportunity for determina- 
tion of the in vivo maturation time and the fate of 
tranfused human reticulocytes. The results of this 
study aided in evaluating the usefulness of reticu- 
locyte experiments in quantitative measurements 
of hemoglobin metabolism. 

PREVIOUS QUANTITATIVE ESTIMATES OF THE RATE 
OF PRODUCTION AND DESTRUCTION 
OF ERYTHROCYTES 

Pigment determinations 

In normal animals, there is a fine balance be- 
tween red cell formation and red cell destruction. 
Each day as the oldest cells are broken down, their 
p^'ce is taken by new cells which are constantly 
being released from the bone marrow. Therefore, 
it ought to be possible to estimate the pace of 
erythropoiesis by determining the rate of destruc- 
tion of erythrocytes. This has been admirably 
accomplished in bile fistula dogs by measurements 
of the discarded pigment radicles ^ which are ex- 
creted quantitatively in the bile (1, 2). The aver- 
age life of red cells in the dog, estimated in this 
way (1), is approximately 124 days, which means 
that less than 1 per cent of the erythrocytes are 
destroyed and replaced daily. 

Transfusion studies 

This figure corresponds very well with esti- 
mates of the longevity of human red cells as de- 
termined by transfusion experiments, in which 
cells of one type are given to recipients of another 
(but compatible) type. Earlier transfusion stud- 
ies, carried out with the original Ashby technique 
(3 to 5), yielded estimates ranging from 30 to 

1 The destruction of 1 gram of hemoglobin is followed 
by the excretion of approximately 35 mgm. of bilirubin. 


113 days. Flowcvcr, more recent investigations 
(6 to 12). employing improved technique and 
more carefully selected recipients, have resulted in 
agreement that the youngest of the transfused 
cells survive for periods of 100 to 140 days, pro- 
vided the recipient’s “hemolytic mechanism” is 
not abnormal (12). 

Reticulocyte experiments 

Attempts to measure the daily rate of red cell 
regeneration and the longevity of erj-throcytes 
have also been made by attacking the problem at 
the opposite end of the er}dhroid series j'-Lc., by 
following the appearance and maturation of the 
youngest non-nucleated red cells, the reticulocytes, 
instead of observing the breakdown, of the, oldest' 
cells as is done in the pigment. arid transfusion 
experiments. On the basis of dbs'en'ations of/ 
reticulocytes in rabbits, the averagd,^ life of reds^ 
cells has been placed at S days (13, 14), at 15 
days (15), and at 42 days (16). 'Others (17) 
have found that most of the reticulocytes from 
human cases of anemia become mature within 48 
hours. However, these authors estimate that 
normal human reticulocytes mature within 24 
hours and that tlieir life span is 125 days. Baar 
and Lloyd (18) studied the in vitro maturation 
time of reticulocytes frqmdiuman cases (ri hemo- 
lytic anemia and from'-guinea pigs and rabbits 
with phenylhydrazine anemia. These authors es- 
timate that the average maturation time of reticu- 
locytes is 7 hours but add that it may be longer 
in cases with reticulocytosis. They (18) utilize 
the equations of Heilmeyer and Westhauset (17) 
and make the following calculations which are^ 
based on the assumptions that all red cells enter 
the circulation from the bone marrow as reticu- , 
locytes, that they are not destroyed until they be-* 
come mature, and that there are approximate!)^, 
554 
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0.7 per cent reticulated cells in the peripheral 
blood of normal human beings ; 

(1) Percentage of total red cells destroyed and 
replaced in 24 hours = (0.7 X 24)/7 =2.4 per 
cent. 

(2) Life span of red cells = 100/2.4 = 42 days. 
These investigators also.contend that the above 

formulae can be applied to the calculation of the 
average life span of the red cells of any individual, 
regardless of whether the cells die of senescence 
or are destroyed indiscriminately without respect 
to age. An active case of acholuric jaundice is 
cited as one of a number of examples. This pa- 
tient had a reticulocyte count of 14 per cent, and 
the life span of his cells is therefore estimated at 
2 to 3 days and the “turnover” of the total red 
cell mass at nearly 50 per cent per day (19). 

At the time the observations of Baar and Lloyd 
appeared, a very unusual case of atypical hemo- 
lytic anemia was being investigated in the hemato- 
logical laboratories of the Strong Memorial Hos- 
pital. Month after month, the percentage of re- 
ticulated cells in this patient’s circulation remained 
between 45 and 73 per cent. The formulae of 
'Baar and Lloyd were applied to this case and, to 
he ■.conservative, a reticulocyte maturation time of 
■ 14 'hours — twice the average reported by these 
.authors — was assumed. It was then calculated 
. that this patient was destroying and replacing 77 
to 120 per cent of her total red cell mass daily, 
and that the life span of the eiy'throcytcs was only 
20 to 30 hours ! These figures seemed totally un- 
reasonable. They were even more unacceptable 
when it was found that the patient’s daily output 
of urobilinogen in the feces was approximately 
600 mgm.,=' which is only 3 to 10 times the amount 
excreted by normal persons and is a modest figure 
for an active case of hemolytic anemia (20). 

^Disl'utcd maturation time of reticulocytes 

Equally disturbing were tlic conflicting reports 
.of Pepper (21), Heath and Daland (22), Minot 
and co-workers (23 to 25), and Riddle (26) on 
the one hand, and Mermod and Dock (27) on the 
other. Pepper found that rcticulocj-tes could be 


* Seme difnculty was encountered in the collection c{ 
feces from this padmt, but this difhculty was not sufTi- 
cic.ntly frreat to alter the interpretation of the above 
results. 


demonstrated in rabbit or human blood as long 
as 48 hours after the beginning of incubation at 
37° C. Heath and Daland incubated sterile de- 
fibrinated blood from rabbits tvith phenylhydrazine 
anemia and from human patients with pernicious 
anemia at the height of their reticulocjde re- 
sponses; the human blood was also placed in the 
pleural cavity of rabbits. When the percentages 
of reticulated cells were plotted as ordinates and 
time as abscissa, the results took the form of expo- 
nential curves indicating that reticulocytes ma- 
tured over a period of 4 to 5 days. The cur\'es 
were the same regardless of the source of the 
blood and were similar to tliose later obtained by 
Heilmeyer and Westhauser (17). 

The work of Minot’s group indicates that, in 
the response to specific treatment of pernicious 
anemia, the reticulocytes mature within 5 to 10 
days and that the magnitude of the reticulocyte 
response depends largely upon the severity of the 
anemia. Riddle found that during response to 
treatment of pernicious anemia the non-reticulated 
red cells increased in a manner similar to the 
total red cell count, but lagged behind by at least 
2 days. The maturation time of the reticulocytes 
is therefore estimated at 2 to 4 days. 

Mermod and Dock, however, could demonstrate 
no evidence of maturation of reticulocj'tes in dc- 
fibrinated rat and human blood incubated at 37° 
C. for periods of 24 to 72 hours. Furthermore, 
these authors state that maturation of reticulo- 
cytes in the circulating blood is not proved and 
seems not to occur on any significant scale. Mer- 
mod and Dock also found that reticulocytes arc 
readily destroj’cd in vivo and in vitro by various 
substances, and they suggest that rccovcrj* from 
anemia occurs in spite of premature delivery of 
fragile, short-lived reticulocytes, not because of it. 

Consideration of tlicsc conflicting obscr\'ations 
and opinions furnished tire impetus for carrj-ing 
out the experiments described in this paper. The 
purposes of this study were: 

1. To measure the in tyfo maturation time of 
the rcticulcKtytcs of tlie patient with atypical hen-.o- 
lytic anemia when transfused in large quantity to 
a small child with aplastic anemia ; 

2. To compare with, the in im a result?, in ziira 
maturation time of rctiadotyte.- from the ;.-.;;;e 
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3. To determine, if possible, the fate of the 
transfused reticulocytes ; 

4. To evaluate the usefulness of reticulocyte 
experiments in the quantitative study of the for- 
mation and destruction of red blood cells. 

METHODS 

Counting of reiicnlocyles 

Two methods were used for the enumeration of 
reticulocytes. 

1. "Dry” method. A filtered alcoholic solution of bril- 
liant cresyl blue dye (0.5 gram dye per 100 ml. of abso- 
lute ethyl alcohol) was poured over one side of a clean 
glass slide which was then tilted on end until dry. A 
small drop of blood (either capillary or oxalated venous 
blood) was placed in the center of a glass cover slip 
which was immediately inverted on the slide. Spreading 
of the drop between the cover slip and the slide was pro- 
moted by very light pressure. The cover glass was 
sealed at once with vaseline and the preparation incubated 
at 37° C. for 10 to 20 minutes before being examined.® 

2. "IVei” method. Blood was drawn into the stem of 
a Thoma white cell counting pipette to the 0.5 mark and 
diluted to the 11 mark with a filtered saline solution of 
brilliant cresyl blue (0.2 gram dye per 100 ml. of 0.6 
per cent solution of sodium chloride in distilled water). 
After being shaken for 30 seconds, the pipette was incu- 
bated 10 to 20 minutes at 37° C. The pipette was then 
shaken again for 30 seconds, several drops were dis- 
carded into a piece of gauze, and a small drop of the 
stained and diluted blood placed on a clean glass slide. 

. A cover slip was then placed over the drop which spread 
quickly without any pressure, and the preparation was 
ready for examination. Sealing with vaseline was found 
unnecessary. This method offered 3 advantages: (i) 
intimate mixture of dye and cells in the wet state, (2) 
sufficiently thin preparation, and. (2) absence of rouleaux. 

Cells stained by either method were viewed slowly 
through a small hole in a piece of cardboard inserted in 
the ocular of the microscope. At stated intervals, 1 or 
2 counts of 1000 cells each were made by each of the 
2 methods; i.e., 2000 to 4000 cells were counted. There 
was no significant difference in the counts made by the 
2 methods. 

Use of Simmel’s solution 

In vitro studies of the maturation of reticulocytes were 
carried out by a modification of the method of Baar and 
Lloyd (18) which consisted of incubating blood in sterile, 
citrated Simmel’s (28) solution (NaCl 8.2, KCl 0.2, 
MgCl. 0.2, CaClj 0.2, NaH-POi 0.1, NaHCOa 0.05 grams 
per liter of distilled water to which one-fifth part of 3.8 

® Preliminary tests failed to show conclusively that 
inaibation was necessary; nevertheless, this was done be- 
cause there was no opportunity for further investigation 
of the necessity of this procedure. 


per cent sodium citrate solution was added). One ml. of 
Simmers solution was placed in each of a number of 
small, sterile, corked tubc.s and 4 drops of blood were 
added to each tube. Whenever counts were made from 
one of these the remaining tubes were shaken and re- 
placed in the incubator. Staining with brilliant crc.syl 
blue was done by the same methods used for undiluted 
blood, with the exception that the blood diluted with Sim- 
mel's solution was drawn to approximately the middle of 
the bulb of the white cell pipette instead of the 0.5 mark 
on the stem. At each interval, 2 samples were taken 
from one of the tubes and staining was carried out by 
both the dry and the wet methods. 

Differential agglutination 

The survival of transfused crj'throcytcs was followed 
by use of the Ashby tcchniqirc (3) as modified by Dacic 
and Mollison (10), The only deviation from this method 
was that of preparing an initial 1 in 101 suspension of 
the recipient’s blood instead of a 1 in 51 suspension. Each 
mixture of scrum and cells was prepared in duplicate and 
a separate count (5 small squares on the improved Ncu- 
baucr ruling) of the unagglutinatcd cells in cadi tube 
was made by each of 2 persons. The final count recorded 
was therefore the average of 4 separate counts of cadi 
mixture of serum and cells.'* Total red blood cell counts 
were likewise made in duplicate by 2 persons and the 
average of the 4 counts recorded. 

The extremely potent B serum employed was prepared 
by vaccination of a B donor with A and B specific sub- 
stances and titrated with A„ A., A,B, A-B, and AjB 
cells as described elsewhere (29). When this scrum, 
which was used undiluted, was mixed with a pretransfu- 
sion sample of the recipient’s A- cells, there were approxi- 
mately 15,000 unagglutinated cells per c.mm. The anti-M 
serum was supplied by Dr. A. S. Wiener and diluted 1 : 3 
with saline before being mixed with cell suspensions. 
When this serum was added to a pretransfusion sample 
of the recipient’s blood, there were 10,000 unagglutinated 
cells per c.mm. 

Total red cell counts, differential agglutination studies, 
hemoglobin (photoelectric), and hematocrit (Wintrobe) 
determinations were made with venous blood drawn with- 
out stasis into a mixture of potassium and ammonium 
oxalate (30) at 37° C. Counts from these tubes were 
likewise made at frequent intervals by the methods de- 
scribed, and in tliis way the in vitro and in vivo matura- 
tions of reticulocytes from the same source were compared. 

The average figures for percentage of reticulocytes in 
the recipient s blood are plotted as ordinate and time as 

•* Control tubes containing 1:201 dilutions of blood in 
saline were always prepared along with the mixtures of 
cell suspension and serum. Counts made from these “sa- 
hne” tubes were nearly always higher than those made 
from the Thoma standardized diluting pipette. Therefore, 
the count of unagglutinated cells was always corrected by 
multiplying this figure by the count from the Thoma 
pipette and dividing the product by the count from the 
control tube of saline. 
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TRANSFUSION 

Fig. 1. Percentage of Reticulocytes in Circulation of Child with Aplastic Anemia 
Before and After Transfusion of Red Cells from Adult Patient with Hemolytic 
Anemia 

The in vivo maturation of reticulocytes is compared with the in vitro maturation of cells from 
the same source when incubated in Simmel’s solution. 


abscissa in Figure 1. An exponential curve is readily 
drawn through these points, and it is apparent that the 
in vivo and in vitro results are almost identical except 
for appreciably lower in vitro counts during the first few 
hours of the experiment Hemolysis of the cells in Sim- 
mcl’s solution was not detectable until after the fourth 
day. The last reliable in vitro counts were made 93 hours 
after the beginning of incubation of the tubes. During the 
period of observation, there was not only a gradual de- 
crease in the number of rcticulocj-tcs but also a diminution 
in the amount of vitally staining substance present in the 
remaining reticulocytes. Moreover, in the incubated cells, 
there was some degree of replacement of filaments by 
granules, similar to those described in the in vitro studies 
of others (22, 11, 18). 

In vivo destruction of transfused reticulocytes follovcing 
their maturation 

The blood group of the patient with atypical hcmoljTic 
anemia was OMNRh+; that of the child witli aplastic 
anemia was A;MNRh +. When B scrum was added to 
suspensions of the child's red cells after transfusion, tlic A 
cells were agglutinated, while the donated O cells were 
kit unagglutinatcd and could be counted with accuracy 
by the method described. In this way, it was possible to 
determine quantitatively the rate at which the transfused 
cells, most of which were rcticulocjTes, disappeared from 
the recipient’s’ circulation. 

Calculation of the \-alucs for toLal donated cells, donated 
rcticulocsTes, and donated mature (non-rcliculatcd) cells 
at cadi intcnal can be summ-arired as follows: 

I. Total num.ber donated cells = r.um.l>er cells not ag- 
glutinated by B serum minus Ic.O'I'O. 


II. Number donated reticulocytes = total number do- 
nated cells X (total percentage reticulocytes minus 
2.5 per cent). 

Ill, Number donated mature cells = total number do- 
nated cells minus number donated reticulocydcs. 

In formula I, 15,000 cells per c.mm. arc subtracted be- 
cause this was the count of unagglutinatcd cells prior to 
transfusion. Formula 11 is based on tlic assumption that 
approximately 2.5 per cent of the rcticuloc>’tcs present at 
any given time were the recipient's own cells. All do- 
nated red cells arc arbitrarily divided into reticulated 
(immature) and non-rcticulatcd (mature) forms in for- 
mula III. 

It can be seen in Figure 2 that the total number of 
donated cells remained nearly constant during the first 2 
days after transfusion, and that during this perio'l, there 
was a marked decrease in rcticulocjTes and a correspond- 
ing increase in mature cells. In the following period of 
4 daj's, there was a rapid fall in the total numl/er of 
donated cells, and the remaining rcticulocjTes became 
mature. Tlic fesv donated cells rcmami.ng at the end of 
6 daj-s were free of reticulum and v.cre eliminated during 
the seventh and eighth daji, as demonstrated bj- furtlier 
differential aggluli.nalion studies. 

77:c eorr.f^ratxvely sfr:c drstmcticr. rf trcn:tu:ed 

ceUs 

Because the length fu time the ch.n l c',-dd rmutin in 
tl-.c hospital was limitn'l. it was r.ecc'-'arj- to give h-r ZF) 
ml. cf norma! rml cells on Lhe fifth and ara-n e-. th-- •ixth 
daj" alter t::e transfu^m'n c.t re:ieul'"*esTe^. It i* cl— r 
Figure I, I'.sweser, that tl.e rerc-entare 
m the recipient s ciscu.atme: 
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Fig. 2. Fate of Red Cells from Adult Patient 
WITH Hemolytic Anemia After Transfusion to 
Child with Aplastic Anemia 
The few mature cells remaining at 140 hours were de- 
stroyed during the next 2 days (Table I). The graph 
was not extended to show this destruction because large 
errors are involved in cell counts below 100,000. 

original level before the transfusions of normal cells were 
given. The blood group of the normal cells was 
ONRh-h. It was therefore possible to follow the sur- 


vival of llicsc cells by the use of anti-^^ scrum which 
agglutinated the cells of the recipient (type MN), Calcu- 
lation of the distribution of cells in the child's circulation 
was then carried out as follows : 

I. Number ON cells from normal donors = num!)cr 
of cells not agglutinated by anti-M serum minus 
10 , 000 . 

.11. Number of OMN cells from patient with hemolytic 
anemia = number of cells not agglutinated by B 
scrum minus 15,0000 minus number of ON cells. 

Tlic calculated number of OMN cells was less than 
20,000 per c.mm. on the seventh day after the transfusion 
of these cells, and subsequent examinations during the 
next 37 days confirmed the fact that all of these cells 
had been eliminated from the child’s circulation. During 
this period, it was shown (Table I) that the count of 
nonnal ON cells, which was 2,800,000 on the first day 
after the last transfusion, had decreased to 2,140,000 in 
17 days and to 1,300,000 in 38 days. It was ncccssar 3 ’ to 
terminate the study on the thirty-eighth daj-, and there- 
fore the length of time required for the complete destruc- 
tion of the nonnal ON cells cannot be given. However, 
it appears that, although these cells were destroyed more 
slowly than the OMN cells, the rate of their elimination 
was possibly more rapid than that of normal cells in the 
circulation of recipients with normal hemolytic mccha- 


TABLE I 

Detailed hematologic observations on blood of child with aplastic anemia before and after 
transfusion of reticulated OMN cells and normal ON cells 


Date 

Hour 

Reticulo- 

cytes 

Hema- 

tocrit 

Hemo- 

elobin 

Red blood cells 

I 1 

Total 

AMN 

Total 

OMN 

Reticu- 
lated 
OMN 1 

Mature 

OMN 

ON 





gram$ 









i>cr cent 


per 



millions per c. mm. 







100 ml. 







Oct. 3-44 

1:30 p.m. 

3.1 

17.0 

6.5 


1.85 





Oct. 4 

11:00 a.m. 

3.3 

1 


1.85 j 






Oct. 5 

10:00 a.m. 

2.1 









Oct. 5 

10:00 a.m. 


Transfusion 150 ml. OMN cells, 

73 per cent reticulated 


Oct. 5 

11:00 a.m. 

19.4 

22.2 

8.4 

: 2.02 

1.60 j 

0.42 

0.34 

0.08 


Oct. 5 

12:00 n. j 

18.8 

23.0 

8.9 

i 2.09 






Oct. 5 1 

4:00 p.m. 

17.0 

22.8 

8.2 

2.29 






Oct. 5 

8:00 p.m. 

15.7 1 

21.2 

7.6 

2.06 






Oct. 6 

8:00 a.m. 

12.9 

22.3 

7.8 

2.15 

1.70 

0.45 

0.22 

0.23 


Oct. 7 

8:00 a.m. 

8.8 

21.5 

7.9 

2.02 

1.62 

0.40 ; 

0.13 

0.27 


Oct. 9 

8:00 a.m. 

4.2 

18.0 

6.9 

1.84 

1.65 

0.19 

0.03 

0.16 


Oct. 10 

8:00 a.m. 

3.3 

17.7 

6.8 

1.72 

1.60 

0.12 . 

0.01 

0.11 


Oct. 10 

1:00 p.m. 



Transfusion 250 ml. OlS 

r cells (Normal! 



Oct. 10 

3:00 p.m. 


1 28.3 

11.3 

2.84 

1 1.22 

0.11 1 


1 

1.51 

Oct. 11 

8:00 a.m. 

2.0 

1 28.2 

11.3 

2.87 

1.30 

0.10 

0 

1 0.10 

1.40 

Oct. 11 

11:30 a.m. 



Transfusion 250 ml. ON cells (Normal! 



Oct. 12 

8:00 a.m. 

0.8 

38.0 

14.6 

4.29 

1.47 

0.02 

! 0 

0.02 

2.80 

Oct. 13 

8:00 a.m. 

0.6 

38.0 

14.6 

4.35 

1.39 

0 

0 

0 

2 96 

Oct. 28 

9:30 a.m. 

1.0 

30.7 

12.7 

3.46 

1.32 

0 

' 0 

0 

2 14 

Nov. 18 

9:30 a.m. 

0.9 

24.0 

10.0 

2.58 

1.28 

0 

0 

0 

L30 


Figures for percentage reticulocytes after transfusion were obtained from curve shown in Figure 1. The relatively 
small increase in total red cell count produced by the transfusion of OMN cells was due to the fact that the mean cor- 
puscular volurne (MCV) of Aese cells was 138 c These cells were loosely packed when the 150 ml. volume was meas- 
ured. The MCV of the ON cells was presumably normal. 
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•nistns (6 to 12). It is therefore possible that there was 
a smail hemolytic element in the anemia of the child 
whose disease had been labelled “aplastic anemia.” Un- 
fortunately, quantitative determination of fecal urobilino- 
gen could not be obtained in order to settle this issue. 

A second determination of the maturation time of reticu- 
locytes in vitro 

■ On October 17, 1944, 20 ml. of blood were drawn from 
M. G., the patient with atypical hemolytic anemia. A 10 
ml. portion was defibrinated by gentle shaking with a 
small number of glass beads in an Erlenmeyer flask, after 
which, I ml. of the defibrinated blood was placed in each 
of 8 small, sterile, tightly-stoppered tubes. No grossly 
detectable hemolysis was produced by this procedure. 
The remainder of the whole blood was distributed among 
tubes of Simmel’s solution by the method previously de- 
scribed. All but one of the tubes of each type were incu- 
bated at 37“ C. 

At intervals 'of 7 to 26 hours during the next 6 days, 
one tube of defibrinated blood and one tube of blood di- 
luted with Simmel’s solution were removed from the 
incubator for examination, and the remaining tubes were 
shaken and replaced in the incubator. Both ‘"wet” and 
“dry” preparations were made with brilliant cresyl blue 
and the reticulocytes counted as before. During the first 
48 hours of incubation, the percentage of reticulated cells 
in the defibrinated blood was not significantly different 
from that of the cells suspended in Simmel’s solution. 
The average of the counts from both tubes at each in- 
terval is therefore recorded in Figure 3. After 48 hours, 
however, there rvas considerable hemolysis of the defibri- 
nated blood and counts made from the defibrinated sam- 
ples after that time were considered unreliable. The re- 
mainder of the graph shown in Figure 3 fs therefore 
based only ujwn the counts of the reticulated cells in 
Simmel’s solution in whicli there was but slight hemolysis 
on the fifth and sixth days. In spite of the fact that the 
reticulocytes were enumerated at relatively long intervals 
and that the defibrinated blood proved unsatisfactory, this 
rather crude in vitro experiment sciwed to confirm the 
previously obtained results. 

At the time blood was drawn for this experiment, the 
percentage of reticulocytes in the patient's blood had 
decreased to 29.6, presumably as a result of the trans- 
fusion given 12 days previously. However, tlie expo- 
nential curs-c showing the maturation of reticulocytes 
during a period of 6 days is very similar to that obtained 
stiidv'^'^*'''^ combined in zivo and in i-itro 


DISCUSSION 

In the ca.se prc.scntcd in this paper, the child’s 
rcticulfxrytc count wms rai.scd by nearly 17 per cent 
as a result of transfusion, and tlic gridu.al decline 
in the pcrccnta-c of rctiadatctl cells took pl.icc 
over a period of approximately 140 hours or 
roushly ^ to 6 d.ay.s. B.-ar and Uoyd (IS), who 



Fig. 3. In Vitro Matusiation of Reticulocytes from 
Patient with Hemolytic Anemia.J 


performed the only previous experiment of this 
type, produced an increase of 5.4 per cent in the 
reticuIocjTe count of an infant by transfusing 
blood from a patient with acholuric jaundice. 
The in vilro maturation time of reticulocytes from 
this patient is recorded by tlicse authors as 6 
hours, which is approximately the time required 
for the in z/ivo maturation of the transfused reticu- 
locytes in the circulation of the infant. 

There are 3 possible explanations for the 
marked discrepancy in these 2 estimates of matu- 
ration time. 

1. The experimental error in the counting of 
reticulocytes is known to be large ; this is particu- 
larly true when dealing with numbers as small as 
5.4 per cent. Heath and Daland (22) admit that 
no conclusions can be drawn from their own trans- 
fusion experiments in which the reticulocyte 
counts of rabbits were raised by only 3 to 6 per 
cent. 


2. Baar and Lloyd (18) determine m.Tturation 
time by extrapolation of the initial .<tccp slope of 
the maturation curve to the ordinate zero. It is 
difucult to follow the reasons given bv thc.-e au- 


thors for using this procc'iurc v.-hich. if 
the reticulated cells of Figures 1 and 


yield estimates as low as 20 to 40 hour 
more reasonable to consider ti'.c s.nter 
the beginning of thiC experirnen: and 
v.!5:ch ti'.c ha'c-iine is first rc.-'.c.he':. a' 
tion lime of ti'.c veungejt rctiraVr-.-r.- 


C. 


ipplied to 
3, inigl'.t 
It 
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3. The length of time required for a reticulated 
cell to lose its vitally staining substance may vary 
somewhat depending upon its source. Baar and 
Lloyd suggest that this period may be relatively 
long in cases with reticulocytosis and short in 
cases of pernicious anemia. Heilmeyer and West- 
hauser (17) found that maturation cuiwcs vary 
somewhat depending upon the source of the blood, 
but in all cases, the general trend is the same. 
Riddle (26) believes it likely that in normal and 
less anemic individuals, the reticulocytes are re- 
tained longer in the marrow and developed nearer 
to maturity before release, and ma)'^ therefore re- 
quire less time in the circulation to lose their 
reticulum. 

Comparison of in vivo and in vitro studies of the 
maturation of reticulocytes 

Among those who have compared the in vivo 
and in vitro maturation of reticulocytes (18, 22), 
there is general agreement that the results are 
essentially the same by either method. Not only 
are similar estimates of maturation time obtained, 
but the same sort of exponential maturation 
curve can be plotted with figures obtained in either 
way. This can also be said of the data presented 
in this paper. It should be emphasized, however, 
that the in vivo observations recorded here were 
obtained by utilizing a case that was far more ad- 
vantageous than any previously investigated. The 
correlation of the in vivo and in vitro results in 
this case is therefore of special interest. 

Fate of transfused reticulocytes 

It has already been pointed out that during the 
first 2 days after the transfusion, the total count 
of donated cells fell but little, while there was a 
marked decrease in percentage of reticulocytes 
(Figure 2). It can therefore be concluded that 
during this interval many of the reticulated cells 
became mature. During the first 2 days, there 
was a preponderance of maturation and a mini- 
mum of red cell destruction, but during the next 
4 days, after most of the cells had become mature, 
the reverse was true. These findings are sufficient 
to disprove the contention of Mermod and Dock 
(27) that reticulocytes do not mature in the circu- 
lating blood. These investigators argue that the 
reticulum merely becomes more difficult to stain 
and that these cells do not really mature with in- 


cubation. They attribute the results of Hcatli 
and Daland (22) to the use of "drj-” staining tccli- 
nique. However, in the present study both wet 
and dr)' techniques were used witli nearly identi- 
cal results. 

The observations shown in Figure 2 support 
the opinion of Baar and Lloyd (18) that reticulo- 
cytes are not destroyed until they become mature 
and they are also in keeping with Cruz’ observa- 
tion that reticulocytes are not destroyed by acetyl- 
phenylhydrazine (32), At present, it is possible 
only to speculate on the explanation for this pe- 
culiar immunity to destruction. 

It must also be admitted that under certain 
conditions reticulocytes may be destroyed as read- 
ily, or perliaps more readily, than mature cells. 
Rhoads et al. (33) produced hemolytic anemia 
with indol in dogs fed deficient diets and at- 
tributed the lack of reticulocytosis to rapid de- 
struction of immature cells. Dock (34) found 
doses of saponin which on injection into rabbits 
destroyed circulating reticulocytes with negligible 
effect on mature cells, and Dock and Mermod 
(35) demonstrated a reticulocyte lysin in the se- 
rum of active cases of pernicious anemia. It has 
been suggested that such a lysin is responsible for 
increased pigment excretion and lack of reticulo- 
cytosis in this disease before specific therapy is 
given. 

Defectiveness of reticulocytes 

The red cells of the patient Avith atypical hemo- 
lytic anemia are destroyed rapidly, not only in her 
own body but after transfusion to a child whose 
circulation retains normal er3'throcytes for much 
longer periods. These facts indicate that the cells 
of M. G.® are abnormal, but there is uncertainty 
as to whether they are structurally defective in 
the same sense as spherocytes and sickle cells, or 
defective merely because they happen to be re- 
leased from the marrow in the reticulated form. 
It is reasonable to suspect that in certain anemias, 
the marrow is working under difficulties and 
therefore turns out cells with defective stroma, as 


® Normal ON cells were transfused to patient M. G. 
on 2 separate occasions. The donated erythrocytes sur- 
vived 114 days after the first transfusion, and 790,000 
donated cells per c.mm. were counted 39 days after the 
second transfusion (31). 
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suggested by Whipple (36). There is no proof, 
however, that such defectiveness is limited to cells 
which leave the marrow in. the reticulated stage. 
There is also no evidence that under normal con- 
ditions cells entering the circulation in this earlier 
stage of development have any shorter life expec- 
tancy than those leaving the marrow without 
vitally staining substance. 

It is virtually impossible to study the behavior 
of reticuloc 3 ^es from normal human beings and 
lower animals because they are present in the 
blood in very small numbers. All published ob- 
servations on reticulocytes, including those de- 
scribed in this report, have been made with blood 
drawn from abnormal mammals or normal mam- 
mals subjected to abnormal conditions. Great 
caution must therejore be taken in applying these 
results to the behavior oj the normal erythron. 

Use of reticulocyte experiments in the study of 
hemoglobin metabolism 

It is of interest to compute the life span of the 
red cells of patient M. G. by using tlie formulae 
of Heilmeyer and Westhauser (17) and Baar and 
Lloyd (18). If the reticulocyte count is 73 per 
cent® and the maturation time 140 hours, then 
the daily rate of regeneration of red cells is 
(73 X 24)/140 = 12.5 per cent and the average 
life span of the cells is 100/12.5 = 8 days. 

This figure coincides with the 8-day period of 
suu'ival actually observed after transfusion of the 
cells into the child. This correlation indicates that 
in the case of M. G. nearly all of the cells were 
leaving the marrow in the reticulated stage and 
were not destroyed until (hey had matured. It 
will be recalled that these were the assumptions 
on which the above formulae were based. 

Prior to the transfusion experiment the body 
weiglit of patient M. G. was 67 kgm., estimated 
blood volume approximately 6000 ml,, hemoglobin 
9.5 gram.s per 100 ml., and tot.al circulating hemo- 
globin 570 grams. If the entire red cell mass was 
bcitig broken down and replaced cverr- 8 daj’s, 
then the calculated rale of hemoglobin “turn- 
over” is 71 grams per day. This figure is approxi- 

^ The lyrrctr.ta.ce of M. G.’.< ccHs th-'t .arc rcticu’i'.fj 
b Fit, if calf.;l.a’.ta5 fro:n the <ht.a «ha-.\-n rr.ap!'.;ca!Iy in 
Fic'.'.rc 2. ’Hewever, Usis hcrurc is nccuratc 

linn l!;c ifircc’. cf Tj jvrr rtn*. nest!; jn<'. !»cf.'rc the 
\v.at trar.sfurol. 


mately 10 times that (7.2 grams per day) calcu- 
lated for a normal person of the same body weight 
but with 15 grams of hemoglobin per 100 ml. of 
blood and with a red cell longevity of 125 days. 

If 35 mgm. of bilirubin are formed from tlie 
breakdown of each gram of hemoglobin, the calcu- 
lated rate of bilirubin excretion from the common 
bile duct of patient M. G. is 2485 mgm. per day, 
as compared with 252 mgm. per day in the normal 
individual of the same body weight. The quanti- 
tative elimination of bilirubin in bile fistula dogs 
has been amply demonstrated (1, 2), but tlie ratio 
between output of bilirubin in the bile and excre- 
tion of urobilinogen in the feces has never been 
accurately determined. No doubt this ratio is 
subject to considerabale variation under normal 
as well as abnormal conditions. According to 
Watson (20), the fecal urobilinogen excretion of 
normal adults varies from 40 to 280 mgm. per day 
(usually 100 to 200 mgm.), while in cases of 
hemolytic anemia, values ranging from 300 to 
4000 mgm. per day (usually 600 to 2000 mgm.) 
are recorded. 

In June 1944, when the reticulocyte count was 
62 per cent, urobilinogen was excreted in the feces 
of M. G. at the rate of 600 mgm. per day. How- 
ever, the fecal collections were rather unsatisfac- 
tory and this figure is probably much below the 
true value. The need for accurate determinations 
of fecal urobilinogen excretion in conjunction with 
transfusion experiments of the type reported in 
this paper is apparent. 

If the maturation time of all rcticuloc 3 ’tes is 
approximately 140 hours, as previously suggested, 
and the normal average reticulocyte count in hu- 
man beings is 0.7 per cent, then the normal 
average daily rate of red cell regeneration is 
(0.7 X 24)/140 = 0.12 per cent and the average 
life span of the cells is 100/0.12 = 833 day.s. 

This estimate is 7 to 8 times grc.atcr th.an those 
based on pigment studies and transfusion experi- 
ments, the results of which, arc not acccpt.ab!c to 
Baar and Lloyd for reasons tlxit arc difncuU to 
follow (19, 37). Tiicse auth.or.s. hov.-cver. pl.'.ce 
the average life span of norm,-;! crjnhrcotf' .at 
42 days which is nearly 20 times lo-.vcr th.an the 
figure of 833 days crm-.pute-.l wit:', t'.'.vir •O.rm.'.'.Le. 

Tl'.erc arc 3 yx-icfil/c cxt’lar.r.tif^r.' fr r t;;‘r f-.i!- 
urc of these ca’cu'.r.tior.s to ft'. •.■•'"€ r. tr-r.-' r-.\'z 
fstinrate of ti.e Imgcvity cf rc i cc!!-; 
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1 . Determinations of the maturatidn' o'* 
reticulocytes may be erroneous. The 14C ...Hir'-' 
figure has already been defended and nothing 
more can be added here. 

2. Reticulocytes may be destroyed before 'they 
become mature. However, it is unlikely that this 
takes place in normal individuals and it is reason- 
ably certain that this did not occur in the case 
which formed the basis for this report. 

3. By far the most important reason for the in- 
xongruity of the figures calculated according to 
^ le equa" ’ ■ ■ of Baar Sild Lloyd, and for the fail- 
■ re- of reticulocyte experiments to measure the 
tempo of hemoglobin metabolisn.*, is that not all 
red cells enter the circulation in the reticulated 
form. 

This belief is supported by the classic observ'a- 
tions of Minot’s group who conclude that only in 
the more anemic patients with pernicious anemia 
can the initial increase in total red count be at- 
tributed entirely to the production of reticulocytes 
following specific therapy. These investigators 
add that since the total red cell count continues to 
rise after the percentage of reticulocytes has 
reached a peak and returned again to a normal 
level, it must be concluded that enough time has 
elapsed so that most of the erythrocytes are ma- 
N-ture when released from the marrow. Moreover, 
in IgSs anemic patients, even the initial increase 
in total^Ved cells is due largely to the release of 
erythrocytes which are already mature when they 
enter the circulation. 

Additional evidence is furnished by the obser- 
vations of Rioch and Robscheit-Robbins (38) 
who found no correlation between reticulocyte 
formation and output of hemoglobin in standard 
anemic dogs. 

In view of these facts, it is likely that, under 
normal conditions, only a small percentage of the 
red cells delivered from the marrow contains de- 
tectable amounts of vitally staining substance. 
This is the chief reason for the distinctly limited 
usefulness of reticulocyte experiments in estimat- 
ing the daily rate of red cell regeneration and the 
life span of erythrocytes. 

SUMMARY 

1. Approximately 150 ml. of red cells, 73 per 
cent of which were reticulated, were removed 
from a patient with atypical hemolytic anemia and 


‘ransfused to a child with probable njdastic anemia. 
Tlic number of reticulocytes in the child's circula- 
tion was thus raised by 17 per cent. 

2. The transfused reticulocytes gradually ma- 
tured over a period of about 140 hours. A similar 
maturation curve and estimate of inaturation time 
were obtained by in vitro incubation of the same 
blood in Simmcl’s solution. 

3. All of the transfused cells were destroyed in 
approximately 8 days, but it was demonstrated 
that the reticulocytes were not destroyed until 
they had become mature. It is emphasized that 
these cells were abnormal and that for this reason 
the results of this experiment must be applied with 
great caution to the behavior of the normal 
crythron. 

4. It is concluded that reticulocyte experiments 
have only limited usefulness in estimating tlie 
daily rate of red cell regeneration and the life 
span of erythrocytes because: 

a. The maturation time and fate of reticulocytes 
may vary, depending upon the conditions 
under which they are produced; 

b. Under certain circumstances, reticulocytes 
may be destroyed before they become 
mature ; 

c. Under normal conditions and in some phases 
of the response to anemia, most of the red 
cells probably enter the circulation in the 
non-reticulated fonn. 

The authors are indebted to Miss Helen Zimmerman 
and Miss Leah Schwendler for technical assistance and 
to Dr. William B. Hawkins for many helpful suggestions 
during the preparation of this report. 
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In 1923, not many years after Epstein’s (1) 
original characterization of lipoid nephrosis, Sal- 
vesen and Linder (2) first observed a lowering 
of the serum calcium concentration which paral- 
leled the decrease in serum protein level in pa- 
tients with this disease.^ In addition, two other 
features indicating a disturbance of calcium me- 
tabolism in nephrosis have been described. Boyd, 
Courtney, and MacLachan in 1926 (5) and 
Scriver in 1928 (6) both noted an excessive loss 
of calcium in the feces and a diminished excretion 
in the u^ne. 

In the* course of a systematic study of children 
with ni^Jirosis in this hospital over the past 5 
years, "’a- further indicatioft of abnormal calcium 
metabolism has come to our attention, namely, a 
generalized decalcification of the skeleton as ob- 
served by x-ray. The degree of this decalcifica- 
tion varies roughly with the severity and dura- 
tion of the disease; in 2 instances in our experi- 
ence, fractures have occurred after relatively slight 
trauma. Some degree of decalcification is often 
demonstrable within a month after detection of the 
disease. 

The studies reported in this and a subsequent 
paper were designed to correlate the x-ray changes 

1 These authors, accepting the theory that part of the 
serum calcium is bound to the proteins and thereby ren- 
dered non-ionizable and non-diffusable, came to tlie con- 
clusion that the deficiency in the serum calcium was 
entirely in this fraction, and that the ionized or diffusible 
portion was at a normal concentration. They based .their 
conclusion on the facts that tetany never occurred in these 
patients, even when the total serum calcium level fell to 
“tetanic" levels, and that edema fluid contained as high 
a concentration of calcium in nephrotic patients as in 
cardiac patients who had a normal serum calcium level. 
Since then, Liu (3) has shown by ultrafiltration that 
the diffusible calcium in the serum of these subjects is 
within normal limits, and McLean and Hastings (4) with 
the frog-heart technique have demonstrated that the 
ionized calcium is also normal. 


in the bones with the alterations in calcium 
nietal)olism. 

SUnjECTS 

Two boys, S. G. aged 11 years, and R. M. 
aged 4 years, and one girl, R. Q, aged 9 years, 
all exhibiting the signs and symptoms of the 
nephrotic syndrome or lipoid nephrosis were se- 
lected for study. Protocols of the subjects are 
shown graphically in Figure 1. Each patient bad 
been observed in this hospital for at least 2 years 
prior to the period of this investigation, which was 
carried out during the last 6 months shown in the 
graphic protocols. 

Subject S. G., a few months prior to this study, 
had begun to exhibit diminution of both the urea 
clearance test and the abilit)’' to concentrate the 
urine. In subjects R. M. and R. Q., these func- 
tions were normal. Throughout the 6-month pe- 
riod of study, the condition of R. Q. and S. G. 
remained stationary, but in the second month, 
R. M. underwent a spontaneous remission from 
his disease following a pneumococcus Type IV 
bacteriemia. It was possible to maintain the 
constant metabolic regimen throughout the recov- 
ery period. During his subsequent convalescence, 
he was occasionally utilized as a control, desig- 
nated as “convalescent,” showing a normal cal- 
cium metabolism and at the same time a degree 
of skeletal calcium deficiency comparable to that of 
the other patients. Another boy, J. P., , aged 5 
years, who had recovered from an attack of acute 
glomerulonephritis 2 months previously, was also 
used as a control, designated “normal” (see Fig- 
ure 1). 

METHOD OF STUDY 

Each subject was placed on a high-protein, low-sodium 
diet of constant weekly composition, adequate in calories 
and having a slightly alkaline ash. Vitamins were sup- 
plied by IS drops of percomorph oil, 100 ml. of orange 
juice, and 10 grams of brewers’ yeast daily. The dietary 
calcium, 75 per cent of which was in the form of milk, 
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varied between 0.7 and 1 gram, and the plio.splioriis be- 
tween 0.9 and 1.3 grams daily. After preliminary control 
studies, patient S. G. received 1 gram of added calcium 
in his diet as calcium lactate. 

COLLECTION OF SPECIMENS 

One-half portions of each diet as served were weighed, 
mixed in a Waring blender, transferred to a large evapo- 
rating dish and evaporated to dryness on a steam bath to 
a constant weight. The dry material was pulverized with 
a mortar and pestle. Duplicate 1-gram samples were 
weighed out for nitrogen analysis. The nitrogen content 
of the diets prepared for analysis in this manner never 
varied more than 1 per cent from the value calculated 
from standard tables of food analysis. Four-gram sam- 
ples were used for dry ashing, which was carried out 
overnight in a muffle furnace at 500“ C. The ash was 
dissolved in hot normal HCl, transferred quantitatively 
to a 100 ml. volumetric flask, cooled, made up to volume, 
and filtered through ash-free filter paper. Analyses for 
Ca, P, Na, K, and Mg were performed on the filtrate. 

The stools were marked off with 0.4 gram of carmine 
given at the beginning of each experimental period. Each 
stool was transferred quantitatively from the container 
into which it was passed to a Waring blender. After 
thorough blending, the stool was again transferred quanti- 
tatively to a S liter bottle, previously weighed to 0.1 gram. 
At the end of the collection period, the bottle was again 
weighed to within 0.1 gram, the difference between the 
two weights being the wet weight of the stool phis the 
water used in transfer. It was then shaken for 15 minutes 
on a shaking machine and 10 ml. samples measured in 
quadruplicate into weighing bottles from a calibrated 
wide-mouthed pipette, allowing 5 minutes for the pipette 
to drain. These samples were weighed and then dried 
on a steam bath to a constant weight. The total dry 
weight of the stool was then calculated by multiplying 
the total wet weight by the dry weight/wet weight ratio. 

The remainder of the stool was dried on a steam bath 
and pulverized with a mortar and pestle. The total dry 
weight for each metabolic period was calculated from 
the total wet weight X the dry weight/wet weight ratio. 
Duplicate 2-gram samples were ashed and dissolved in 
100 ml. of normal HCI using the technique described 
above for the diets. Mineral analysis of the duplicate ash 
solution agreed within 1 per cent. 

The urine for each metabolic period was pooled, the 
volume measured, and chloride and nitrogen measure- 
ments made. For other analyses, 400 ml. of urine were 
brought to dryness on a steam bath, ashed, and redissolved 
in 100 ml. normal HCl with the technique used for diet 
and stools. 

ANALYTICAL METHODS 

Calcium was determined on 10 mi. of urine ash (40 ml. 
of urine) and 2 ml. of stool ash solution according to the 
procedure of Tisdal! and Kramer (7). Because of the 
extremely low urinary calcium excretion, some samples 


were rhccl.'ctl by isolafiru: .and an.alyzing all the c.alcinin 
in 200 ml. urine sniiqilcr-. .^imii.tr v.alurr. were obt.tincd 
in both cases. Scrum c,alciuni w.as measured by the 
manomclric method of V^an Slykc and Sendroy (8). ^fag- 
ncsium was determined on 3 ml. samplc.s of the calcinm- 
frcc supernatants hy the hydroxyquinolafc mcthcKl as 
outlined by Nordix'l (9). Sodium was determined hy 
the method of Butler and Tufhill (10). Only a few 
stool sodiums were done because tlic values were so low 
as to he negligible. Nitrogen was determined in stools 
and urine by the macro-Kjcldabl procedure (11). Phsma 
albumin and globulin were measured by the micro- 
Kjcldah! method (11). Phosphorus was measured by 
the Fiskc and Subbarow (12) mctliod, and potassium 
by the metbod of Fiskc and Litarezek (13). 

For the determination of fecal lipids, two 1-gram sam- 
ples of dried stool were placed in 200 ml. volumetric 
flasks: one sample was used for estimation of neutral fat 
and the other was acidified with 1 ml. of concentrated 
HCl for the analysis of total fecal lipids. The volume of 
cad) sample was increased to 200 ml. with equal parts of 
redistilled absolute alcohol and ether and extraction al- 
lowed to proceed for 2 hours at room temperature with 
occasional gentle shaking. After filtering, an aliquot of 
tlic filtrate was evaporated to drjmcss on a steam bath 
and analyzed for carbon according to the technique of 
Van Slykc and Folch (14) by wet combustion and mano- 
mctric measurement of the CO- produced. 

OBSERVATIONS 

I. X-ray 

The nature of the bone changes seen in nephro- 
sis is brought out by the contrast between the 
roentgenogram of the hand of a child with nephro- 
sis and that of a normal child of similar age and 
development which tvere photographed simultane- 
ously on the same plate (Figure 2). In the pa- 
tient (No. 2), the carpals and the shafts of the 
phalanges, metacarpals, radius, and ulna exhibit 
a diffuse rarefaction, notwithstanding the fact that 
the epiphyseal lines are as dense as those of the 
normal subject. This picture suggests that, al- 
though epiphyseal growth and calcification pro- 
ceed normally, for some reason there is an ex- 
cessive loss of calcium from the shafts of the 
bones. In other words, in contrast to rickets, the 
difficulty in nephrosis appears not to be an in- 
ability to deposit calcium in the osteoid matrix 
formed at the epiphysis, but rather an inability to 
hold the calcium in the shafts of the bones despite 
adequate calcification of the epiphyseal matrix. 
The majority of the children with nephrosis stud- 
ied in this clinic have grown at a normal rate 
during their illness and not one has shown any 
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I'lG. 2. X-Ray Comparison of tiif. Hand of a Nephrotic CiiiU) (S. G., No. 2) with the Hanh ok a 
Normal Chiui (No. 1) of Similar .-\r.F. and Df.velopment, Photogkaphf.i) Simvi.taniocsi.y on the Same. 
Plate 


sign of rickcT.R or oilier skeletal disca.se. Even 
when fractures occurred, healing proceeded 
normally. 

11. Mclaholic studies 

The metaholic data obtained on the 3 patients, 
which are sutumariE.ed in Table I along with 
those of the normal control, confirm the findings 
of previous workers (2. 5. 6). The virtual ab- 
sence of calcium from the urine is perh.aps the 
most striking oh'ervation. W’e h.Tve aiLih'/ed 2-4- 
liour urine spivimeiw of (i other jeitients with 
this disease, nm inclui’ed in this rejsirt. .'md in 
ohtaiiusl tiriu.Trv- cak-ium vahu-s of simi'.-ir small 
magnitude. 


Our patients showed the characteristic low se- 
rum calcium concentration common to the liisease. 
With the exception of S. G., who liad signs ot 
renal functional insufticiency. U'ually accompanied 
hy phosjiiiorus retention, the concentration of 
phiTspliortts in the serum was normal for chil'Iren 
of this .age. It should also he mentione<'i th.r.t 
.all these patients hail nurma! leveK of -r ru;:! 
phosjih.atase.- 

The fecal crdcium was only a little le-- t'-at'. the 
calcium intake, re-ulting in e.vtre:::' ly h c.i' nnn 
retention.'. It i' v.l^^t^.v of t'e.t in. tt- • > ' 
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our patients was the excessive fecal calcium ex- 
cretion associated with steatorrhea. The amount 
of fat in the stools was within the normal range 
and of the same magnitude as that in the control 
subject. 

The fact that disturbances in nitrogen and 
mineral metabolism are a definite part of the 
nephrotic syndrome is well illustrated by the 
data obtained on patient R. M. before and after 
a “nephrotic crisis” (15) associated with a Type 
IV pneumococcus bacteriemia which was followed 
by a remission from his disease. The metabolic 
events which occurred at the time of the “crisis” 
are described by the data shown graphically in 
Figure 3, and they provide a striking account of 
a remission in nephrosis. Prior to the “crisis.” 
the patient was extremely edematous. He had the 
characteristic hypoproteinemia and hypocalcemia 
of nephrosis. The urinary excretion of sodium 
averaged less than 2 m.eq. and of calcium no more 
than 1 mgm. daily. On the other hand, the fecal 
loss of nitrogen, calcium, and phosphorus was of 
such a magnitude that the child was in a negative 
balance in respect to nitrogen and phosphorus, 
and retained only 2 per cent of his ingested cal- 
cium. The high fecal phosphorus excretion re- 
sulted in a reversal of the normal fecal ; urinary 
phosphorus ratio of 2:3 (16), 

Following the “crisis” there was a diuresis, 
with a loss of 6.5 kgm. in weight and complete 
disappearance of edema. At the same time, the 


.serum i)n)tein and calcium levels rose .simultane- 
ously to near normal values. The diuresis was 
accv)m)>anied by a remarkable outpouring of so- 
dium, calcium, and phosidtorus in tlie urine. 'I'he 
average daily urinary sodium excretion during the 



Fig. 3. A Graphic Representation of the Meta- 
bolic Events Occurring at the Time of a Nephrotic 
Crisis’ Associated with a Type IV Pneumococcal 
Bacteriemia in Patient R. M. 
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2 weeks after the “crisis” was 60 m.eq. greater 
than the intake, and the average daily weight loss 
450 grams. Since 450 grams of interstitial fluid 
contain 65 m.eq. of sodium, it is apparent tliat- 
this patient’s weight loss could be almost entirely 
accounted for by a loss of interstitial fluid. 

Owing to the sharp decrease in fecal excretion, 
there was also a tremendous increase in total 
calcium retention, notwithstanding the marked in- 
crease in the urinary output of this element. The 
total retention of nitrogen and phosphorus was 
likewise greatly increased, and the fecal : urinary 
phosphorus ratio returned to normal (Table I). 
In this respect, the patient behaved like a child 
who, after a prolonged period of starvation, was 
again receiving an adequate diet. The rapid shift 
of calcium and phosphorus excretion from stool to 
urine, which would not be expected to occur dur- 
ing recovery from starvation, is probably a sec- 
ondary result of tlie correction of the abnormal 
water retention in nephrosis. Apparently, the 
calcium and phosphorus contained in the edema 
fluid were in large measure washed out along with 
the sodium during the diuresis. After the edema 
had subsided, the urinary calcium excretion fell to 
low normal values which would be expected in the 
presence of a skeletal calcium deficiency. 

The combination of low serum calcium concen- 
tration, extremely low urinar}’ calcium excretion, 
and abnormally low calcium retention has been 
encountered in all the nephrotic children tliat have 
been studied, both by others (5) and by us. This 
combination appears to be characteristic of the 
disease. In case R. M. (Table I and Figure 3), 
all these abnormalities of calcium metabolism 
present before the "crisis” entirely disappeared 
after the "crisis,” together with the clinical signs 
of nephrosis other than albuminuria. This occur- 
rence adds to the evidence that the calcium ab- 
normalities arc a part of the nephrotic syndrome. 

DISCUSSION 

Three facts appear from the observations pre- 
sented: I. The shafts of the bones showed rare- 
faction by x-ray examination, while, on the con- 
trary, the density of the epiphyseal lines vtvs rela- 
tively nonnal. II. Skeletal growth w.s normal, 
in so far as hone length and sh..-;pe were concerned. 
111. The nqihrotic cl’.ilciren failed to retain cal- 
cium at a rate even rcns tely approaching i;;c re- 


tention rates of normal children. In 2 of the 3 
cases, fecal excretion of calcium almost exactly 
equaled calcium intake. Almost no calcium was 
excreted in tlie urine. Apparentl}'^, the renal re- 
tention was compensatory ; without it, the calcium 
deficit of the organism would have been more 
severe. 

The actual rates of calcium storage per kgm. 
body weight for all our experimental subjects, 
including R. M. before and after his “crisis,” have 
been calculated from tlie data in Table I and are 
presented in Table II. Additional data obtained 
in the case of S. G. after his dietary calcium had 
been more than doubled are also given in Table II, 
To compare graphically the annual rate of cal- 
cium storage of these children on their standard 
diets throughout the course of their illness with 
the annual rate of a normally growing child, as 
given by Leitch (17), Figure 4 has been con- 
structed by assuming that the total annual in- 
crease in body calcium equals the average daily 
calcium retention per kgm. ideal bod}' weight 
X average annual body weight X 365. The data 
for calculating tlie annual rate of calcium storage 
in the children with nephrosis were taken from 
Table II. Patient S. G. presents an extreme ex- 
ample of the total calcium deficit which can occur 
in these children over the course of time. His 
annual calcium storage rate shown in the graph 
between the ages of 9 and 1 1 years was calculated 
from the data obtained when his intake was 0.736 
gram of calcium per day which is approximately 
the amount of calcium provided by the higii- 
protein, low-salt diet anploycd in the treatment 
of nephrosis in this hospital. On this intake, S. G. 
retained S mgm. of calcium daily. At that rate, 
he would store only 2.85 grams of calcium in a 
year. Wiicn his intake was increased to 2.18'9 
grams of calcium per day, the calcium retention 
rose to 220 mgm. per day (Table II), or 80 grams 
per year, as shown in the graph for tr.c perifyi 
between 11 and 12 years. I.x‘itdi found tint an 
average of 120 grams was stored nnnu.aliy by a 
child of the same ngc/ 


- Ijritdi'i f.^arej serrr \\i:h r r{ S?:-rrr.;r. fl' i 
f-Jt are h-.-k-r Ou.r, cthrrs it i.'-e I erri r, P, 
c.f Kir.’xrjin r! d. (19). Du-rl-... n'; F',-". 12; >. 

ae.l (22). I’. Q. er,: p, 2' , 
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Average daily calcium retention per kilogram ideal body wight in 3 children with nephrosis 

after a "nephrotic crisis") and one normal child 


(including rne contalescent 
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of i.'iUlr 

S. G. 11 yrs. 
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25.8 
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0.7.16 
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-1-0.220 j 
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f'r ert! 

I 

10 

R. Q. 9 yrs. 

Feb. 3-Feb. 17 

27.0 

30.4 

0.993 

-i-0.112 

0.001 

11 

R. M. 4 yrs. (Before “crisis”) 

Dec. 30-Jan. 13 

22.0 

16.4 

O.S23 

-f- 0.0 15 

0.001 

2 

1 week after "crisis” 

Feb. 24-Mar. 10 

15.5 

16.4 

0.918 

-{■0.481 

0.0.50 

51 

4 weeks after "crisis” 

Mar. 24-Mar. 31 

15.2 

16.4 

0.918 

+0.215 

0.013 

22 

J. P. 5 yrs. Normal 

May 12-May 19 

20.2 

18.6 

1.077 

+0.268 

0.014 

! 

25 


‘ 7.5 grams of calcium lactate per clay added to diet. 


In spite of their deficient calcium retention, 2 
of the nephrotic subjects, R. Q. and R. M., grew 
at a perfectly normal rate, as measured by the 



Fig. 4. Rate of Growth and Calcium Storage in 
Normal Children and in 3 Children with Nephrosis, 
,S. G.,* R. Q., AND R. M., Throughout the Course of 
Their Illness 

Normal values taken from Leitch (17). Values for 
patients calculated from data in Table II. 

* S. G.’s calcium storage rate during his 9th and 10th 
years was calculated from the data obtained while he was 
on a daily intake of 0.736 gram of calcium; during his 
11th year the data obtained while he was on a daily in- 
take of 2.197 grams were used (see Table II). 


the lower storage levels observed in normal children on 
half that intake. 


Baldwin-Wood standards for height (23), dur- 
ing the entire period of tlicir illness. S. G., the 
child who failed to grow normally, was the one 
whose urea clearance test and urine concentrating 
ability were diminished.'* All 3 children pre- 
sented the same degree of skeletal decalcification. 
These facts are important in indicating that the 
decalcification is not the result of a generalized 
nutritional disturbance with failure to form new’ 
bone matrix, but rather an inability to retain cal- 
cium in the shafts even though it was deposited 
at the epiphyseal lines. 

Of the foregoing facts, the following may be 
related in a direct sequence of eause and effect: 
{!) the excessive fecal loss of calcium, (2) the 
failure to retain calcium at a normal rate, and 
(3) the rarefaction of the shafts of the long bones. 
Two additional facts are of importance in describ- 

* In the 2 years since tiie completion of this study, pa- 
tient S. G. has taken a sudden spurt in growth of 8 cm. in 
contrast to a growth of only 4 cm. in tlie 3 preceding 
years. At the same time, his x-rays indicate a much 
greater degree of skeletal calcification. This has taken 
place in spite of the fact that he is now suffering from 
chronic glomerular nephritis with approximately the same 
degree of renal impairment that he showed during the 
study. The only difference in his present condition is 
that he is no longer in the nephrotic stage and now has 
a normal serum protein and calcium level. He has not 
reached the stage of advanced renal, failure with serious 
phosphorus retention and acidosis. 
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ing the general picture of the disturbance of cal- 
cium metabolism in nephrosis: (1) normal growth 
of long bones and (2) apparently adequate calci- 
fication of the epiphyses. 

The following interpretations have been made 
from these facts: ( 1 ) Bone matrix formation is 
normal. (2) Calcification of the shafts is incom- 
plete because of a deficient supply of calcium. ( 3 ) 
Under conditions of general calcium deficit, the 
epiphyses of the growing bones are favored, with 
regard to calcium distribution, at the expense of 
the shafts. 

SUMMARY AND CONCLUSIONS 

I. The combination of generalized rarefaction 
of diaphyseal bone and relatively good calcification 
in the regions of epiphyseal growth has been a 
uniform x-ray finding in the children with neph- 
rosis studied in this clinic. Most of these children 
have shown normal rates of bone groivth and in 
none has there been any sign of rickets or other 
skeletal deformity. 

II. The disturbances of calcium metabolism in 
nephrosis described by previous investigators 
have been found to be present also in tlie 3 neph- 
rotic children who were the principal subjects of 
the present study. These disturbances are; (1) 
an abnormally low serum calcium concentration, 
(2) excretion of an abnormally great percentage 
of the ingested calcium in die stools, and (J) a 
virtual absence of calcium in the urine. 

III. The excessive loss of calcium in the feces 
results in a rate of calcium storage far below 
normal for the growing child. Presumably this 
failure to store calcium at a normal rate leads to 
the skeletal decalcification demonstrable by x-ray. 
The presence of normal bone grouTh and rela- 
tively good epiphyseal calcification suggests that 
the available supply of calcium is distributed in 
the growing epiphyses in preference to the 
diapbyscs. 

IV. In one patient who underwent a sudden 
remission from his disease, the rapid disappear- 
ance of all clinical signs of nephrosis was accom- 
panied by an eipially prompt correction of the 
disturbances in cakiiun metabolism. This obser- 
v.ation sv.pports the view ti'.at llsc .abnormal cal- 
ciunt jiuT.aK-'lism is a pan of tb.c r.£-^brc!ric 
stT.drontc, 
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TABLE 1 

Comparison of pJasma levels obtained using the Mindlin and 
Butler and Roe methods 


Mindlin and Butler 

Roe 

Difference 

0.2 

0.3 

+0.1 

0.3 

0.3 


0.3 

0.5 

+0.2 

0.3 

0.3 


0.4 

0.3 

-0.1 

0.4 

0.2 

-0.2 

O.S 

0.6 

+0.1 

0.6 

0.5 

• -0.1 

0.8 

0.8 


0.9 

1.1 

+0.2 

0.9 

0.7 

-0.2 

1.0 

0.8 

-0.2 

1.0 

1.0 


1.1 

1.3 

+0.2 


A most important step in white layer determina- 
tions is the complete extraction of ascorbic acid 
from ffte cei’fs. The ceils should be ultawed ta 
stand in watepfor about one hour following laking 
and before protein precipitation. An alternative 
procedure is to freeze the cell suspension quickly, 
by standing tbe tube in dry ice. It ivas found that 
thawed cell suspensions, or those analyzed fol- 
lowing one hour of soaking in water, yield values 
from 5 to 25 per cent higher than untreated cell 
suspensions. 

When the cells have been extracted completely, 
there is no difference in the ascorbic acid levels 
of the platelet and leukoc 3 de layers (2, 4). Speci- 
mens which include the lowest portion of the leu- 
kocyte layer, and whidi consequently contain 
many red cells, have been found to be about 40 
per cent lower than the upper layer. For con- 
sistent results, care must be taken to avoid the 
introduction of red cells from the lowest portion 
of the white layer into the specimens. Hemolysis 
must be avoided throughout the collection and 
preparation of blood specimens, so that the white 
layer is clearly defined. A sample smaller than 5 
tngm. is not applicable to this method. When a 
cnpillaiy* pipette of about 0.9 mm. diameter is used 
to draw up the specimen, the lowest portion of 
vhitc layer is not disturbed, and the specimen 


men used by Butler and Cushman. Duplicate 
plasma and whole blood determinations gave 
identical results, as did aliquot specimens of 
white layer suspensions. The method appears to 
be completely reliable for making single deter- 
minations, which is a distinct advantage in routine 
procedures. 

The determination of the white layer ascorbic 
acid level by this method has the practical dis- 
advantage tliat about 6 hours are required for tlie 
completion of the analysis. This is due to the 
hour period of centrifugation and the 3 hours of 
incubation required. It was found that the 
weighed white cells may be stored ovemiglit in.a 
vacuum bottle containing dry ice, either diy, in 
water suspension, or in water and trichloroacetic 
acid, with no loss of ascorbic acid. Whole blood 
and plasma may be treated similarly. Specimens 
may therefore be stored frozen until a convenient 
time for completion of the analysis. 

B. COMTARISON OF THE LE\TELS OF ASCORBIC ACID 
IN WHOLE BLOOD, PLASMA, RED CELLS, 

AND WHITE LAI'ER ® 

These studies include 167 comparative analyses 
for 99 individuals. With the exception of 29 
studies on 17 adults who were members of the 
house and nursing staffs of the New York Hos- 
pital, all of whom were in apparent good health, 
the remaining 82 subjects, on wJiom 138 studies 
were made, were children between the ages of 2 
and 14 years. Thirtj'-cight of these were ambu- 
latoiy patients attending the out-patient pediatric 
clinics at the New York Hospital and 44 v.-cre 
convalescent non-febrile children on the pediatric 
pavilions.- When several specimens of blood were 
taken from the same individual, the intcn-al of 
time between specimens i-aricd from days to 
weeks. 

On the adult subjects and tlie pavilion patients, 
fasting morning blood specimens were t.akcn. 
Specimens were taken from the clinic patients 2 
to 3 hours following a bre.akfayt which included 
no fruit of any kind nor tomato juice. .41! speci- 
mens were therefore fasting specimens or their 
cqui\-alcnt with respect to vitamin C. 

In an attempt to determine th.e rclation'h.ij) 

^ V«V 5rc rn'fc' ter! rr^’J-rr.! itxiT Xr.': Tiff.*':* 
ftrv^cc for ti'.tir 
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between the ascorbic acid levels in the various 
blood elements, plasma levels were compared to 
whole blood and red cell levels. In addition, a 
range of white layer levels in children was dclcr- 
mined and the white layer levels were correlated 
with the plasma levels. 

Comparison of whole blood and plasma levels 

In 63 comparative determinations, it was found 
that the majorit}'' of the whole blood values were 
greater than the plasma values, with an average 
difference of 0.14 mgm. per cent. This difTer- 
ence between plasma and whole blood levels may 
be accounted for by the small contribution of the 
white cells in the whole blood specimen. The re- 
lation between plasma and whole blood values was 
not different at different levels, and the average 
whole blood levels parallel the curve of plasma 
levels. Since the experimental error in all avail- 
able methods approximates 0.1 mgm. per cent, 
there would seem to be no advantage in making 
whole blood determinations in conjunction with 
or as a substitute for plasma determinations. The 
presence of a variable amount of red cells in dif- 


ferent spccimcjis did not a{)pear to affect the 
whole blood values signincantly (Figure 1). 

Comparison of plasma and red cell lesrls 

It has already been .stated that the occasional 
development of turbidity during incubation may 
render the method used unreliable for red cell 
dctcrmitiations. There were, however, 46 com- 
parative determinations of red cell and plasma 
levels in which turbidity was absetu. In these, it 
was observed that a majority of the red cell values 
were lower than the plasma values, with an aver- 
age difference of 0.20 mgm, per cent. The aver- 
age red cell values parallel tlic cun-e of plasma 
levels. This trend is consistent with other obser- 
vations (2). The determination of red cell levels 
docs not offer additional information with regard 
to tissue concentration of ascorbic acid, and the 
presence of red cells in the whole blood specimens 
ma}’’ counterbalance the effect of the white cells in 
whole blood analyses (Figure 2), 

Range in xvliilc layer Irocls 

Butler and Cushman (4) reported a normal 
range in the white layer level of from 25 to 43 



Fig. 1. Comparison of Whole Blood and Plasma Levels 
OF Ascorbic Acid 
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Fig. 2. Comparison of RBC anp Piasma Le\-xls of Ascorbic Actd 


mgm. per 100 grains leukocytes in a small series 
of determinations made on normal adults. The 
range found in 50 white layer determinations 
made on 48 children between the ages of 2 and 
14 years extended from 6 to 58 mgm. per 100 
grams leukocytes with the majority of the deter- 
minations falling between 11 and 30 mgm. per 100 
grams leukoc}'tes. Five determinations made on 
normal adults fell beUveen 13 and 38 mgm. per 
100 grams leukocytes. 

Comparison of plasma and zuhitc layer levels 

It was found that the majority of the children 
having plasma levels below 0.7 mgm. per cent 
had white layer levels in the lowest range. No 
subject having a plasma level below 0.7 mgm. per 
cent had a white layer level above 30. However, 
those having the highest plasma levels did not 
have the highest white layer levels, and at the 
lower plasma levels, there were relatively high 
white layer levels (Figure 3), Tims, as might be 
expected from previous studies (2 to 5), it ap- 
pears tl’.at although tlicrc is a grcitcr duincc for 
the white l.ayer level to l>c high if the plasma level 
is high, there is no*, a direct correlation. 


Comment 

Fasting specimens or those taken after a vita- 
min C-free breakfast were used throughout these 
studies. It was noted in 4 well nourished adult 
subjects, whose fasting plasma levels ranged from 
0.5 to 0.9 mgm. per cent, that following a test dose 
of 100 mgm. of ascorbic acid, the plasma level rose 
0.2 to 0.5 mgm. per cent, representing an increase 
of about 40 per cent in a 3-hour pcrioil. The 
white layer levels, which ranged from 15 to 35 
mgm. per 100 grams leukocj’tcs, increased 1 to 4 
mgm., representing an increase of about 15 jkt 
cent. This would indicate that a fasting sjiccirnen 
is preferable for white layer determinations. 

The correlation between dietary intake and as- 
corbic acid levels in the plasma and •.vhitc layer 
is now under investigation. Tr.c range in white 
layer levels revealed in this study irniy l^e i.etf-r- 
preted to rcficct wiriahlc but probably low int.aks-. 
in a non-fcbrile clinic pc-pu!.ation. 

CONCI.VIOt.'s 

Tl'.e nteth'.'l ci R-e- Kuelh'r ffr d'tenn'r.- 



578 


ROSE LUnSClIEZ 



AVERAGE WBC LEVEL 

Fig. 3. WBC Letols at Different Plasma Levels of Ascorbic Aqd 


plasma has been modified for routine use on small 
specimens of whole blood, plasma, and the white 
layer, the entire procedure requiring a single 4.5 
ml. specimen of venous blood. 

The determination of red cell levels by this 
method is not consistently reliable, due to occa- 
sional technical difficulty. 

A comparison of whole blood, plasma, and red 
cell determinations made on specimens of fasting 
blood, indicates that the whole blood and red cell 
determinations provided no specific additional 
information beyond that gained by the plasma 
determinations. 

The range in white layer levels in a series of 
ambulatory, non-febrile clinic children whose in- 
take was unknown, but probably low, was found 
to be from 6 to 58 mgm. per 100 grams leukocytes, 
with the majority falling between 11 and 30. 

No direct correlation was observed between the 
fasting plasma level and the white layer level. At 
high plasma levels, the highest and the lowest 
white layer levels were found. 

BIBLIOGRAPHY 

1. Ralli, E. P., and Sherry S., Adult scurvy and metabo- 
lism of vitamin C. Medicine, 1941, 20, 251. 


2. Butler, A. M., and Cushman, M., Distribution of as- 

corbic acid in the blood and its nutritional signifi- 
cance. J. Clin. Invest., 1940, 19, 459. 

3. Crandon, J. H., Lund, C. C., and Dill, D. B., Experi- 

mental human scuny. New England J, Med., 1940, 
223, 353. 

4. Butler, A. M., and Cushman, M., An ascorbic acid- 

like reducing substance in the buffy layer of cen- 
trifuged oxalated blood. J. Biol. Chem., 1941, 139, 
219. 

5. Pijoan, M., and Lozner, E. L., Vitamin C economy 

in the human subject. Bull. Johns Hopkins Hosp., 
1944, 75, 303. 

6. Butler, A. M., Cushman, M., and MacLachlan, E. A., 

Determination of ascorbic acid in whole blood and 
its constituents by means of methylene blue ; macro- 
and micromethods. J. Biol. Chem., 1943, 150, 453. 

7. Heinemann, M., Distribution of ascorbic acid between 

cells and serum in relation to urinary excretion. 
J. Clin. Invest., 1938, 17, 751. 

8. Heinemann, M., Distribution of ascorbic acid between 

cells and serum of human blood. J. Clin. Invest., 
1941, 20, 39. 

9. Roe, J. H., and Kuether, C. A., Determination of 

ascorbic acid in whole blood and urine through 
2,4-dinitrophenyihydrazine derivative of dehydro- 
ascorbic acid. J. Biol. Chem., 1943, 147, 399. 

10. Mindlin, R. L., and Butler, A. M., Determination of 

ascorbic acid in plasma; a macromethod and micro- 
method. J. Biol. Chem., 1938, 122, 673. 


1 



METABOLIC ALTERATIONS FOLLOWING THERMAL BURNS.^ 
I. NITROGEN BALANCE IN EXPERIMENTAL BURNS 

By FRIEDA L. MEYER, SAMUEL JOSEPH, JOHN W. HIRSHFELD, and 

WILLIAM E. ABBOTT 

{From the Department of Surgery and the Department of Physiology, 

Wayne University College of Medicine, Detroit) 

(Received for publication January IS, 1945) 


Several investigators (1 to 4) have shown that 
a negative nitrogen balance exists following a 
burn. It was suggested that the prevention or 
alleviation. of this loss of nitrogen might promote 
healing and improve the prognosis of the severely 
burned patient. Since, however, it is difficult to 
evaluate the significance of nitrogen balance stud- 
ies in patients because of the marked variation in 
their age, their nutritional status previous to burn- 
ing, and the depth and severity of their injury, it 
seemed advisable to carry out nitrogen balance 
studies in animals under controlled conditions. 

METHODS AND MATERIALS 

Adult female mongrel dogs were selected for the study. 
They were fed 10 or 11 grams per kilogram of body 
weight of the following mixture in parts per hundred: 
casein 37.4, dextrose 26.4, Crisco 22.2, salt mixture 
(U.S.P. Salt Mixture No. 1) 3.5, dried yeast 6.8, bone 
ash 2.7, and cod liver oil 1.0. The amount of food con- 
sumed daily by each animal was weighed, and samples 
of each batch of food were analyzed for nitrogen contenL 
After the dogs had consumed this diet for a preliminary 
period of ten days to two weeks, they were placed in 
metabolism cages. Urine was collected under toluene 
and a daily aliquot removed and pooled for a 5-day period. 
At llie beginning of the study, and at the end of each 5- 
day period, *thc bladder was cathetcrized to insure full 
collection. Feces, marked with carmine, were preserved 
with an acid-alcohol solution, dried on the steam bath and 
ground to a powder. 

The nitrogen Ivilancc and body weight were followed 
for three 5-d.ay periods to insure nitrogen equilibrium or 
a slightly positive Iwlance and the maintenance of rela- 
tively eonstanl weight. Tlie animals were then burned 
under anesthesia (intravenous nembutal). Hot irons with 
a uniform surface area (12i;7 cm.) were employed so 
that an estimate of the surface area burned could be 
calculates!. A deep second or third degree bum was 

^ * The work dcs cri!>cd in this paper was done in part 

under a contract, recommended by tb.c Committee on 
Medical Itc'earch, l-ctween the Ouice of Scientific Re- 
search and Development and Wasne University, h was 
aided in part by a gran; tro.m the Th.eoivrc .-V ^;cGra•.v 
Fund U'T s'.trgical research.. 


produced, involving 20 or 30 per cent of the body sur- 
face (calculated from surface area (5)). Nitrogen bal- 
ance studies were continued during the postburn period 
with the same food intake as that during the control 
period. ■ ’ 1 

Total nitrogen was determined by the macro-Kjeldahl 
method. The ammonia was distilled into 75 ml. of satu- 
rated boric acid, and the mixture of bromcresol green and 
methyl red suggested by Ma and Zuazaga (6) was used 
as an indicator. Urea and ammonia nitrogen were deter- 
mined by the method of Van Slyke and Cullen (7). 

RESULTS 

The results are summarized in Table I. Fol- 
lowing the burn, all the animals showed a marked 
negative nitrogen balance on an intake of nitro- 
gen that had been sufficient to maintain a positive 
balance in the periods previous to the burn. The 
nitrogen loss continued for approximately the 
same length of time (15 days) in all 4 dogs. A 
mild diarrhea was exhibited in all the animals 
after the burn. Dog 3 developed a severe diarrhea 
and showed a marked loss of appetite a week after 
the bum and died 11 days postburn. An in- 
creased nitrogen loss did not occur in the feces 
during the period of loose stools ; onl}' dog 7 
showed a slightly higher fecal nitrogen output and 
diarrhea was not so marked in this dog as in ani- 
mals 3 and 4. 

Although an actual increase in all of the nitrog- 
enous products in the urine occurral after burn- 
ing, the percentage of nitrogen excreted as urea 
plus ammonia nitrogen was not markedly altered. 
In the 5-day period following the burn, dog.s 7 .and 
S showed no change, but in dogs 3 .and 4. the 
percentage of total nitrogen excreted as urea .and 
ammonia was decreased approximately 10 ;/':r 
cent. 

Fifteen d.ay.s fro:n th.e time o: I.-ur::!:;;:. the .ani- 
mals l>egan to retain nitrogen, hut the-.' did r.- 1 
regain tl’eir weigr.t. Degs 7 an ! S were k'-j t ^ r; 
th.e cxt'crir.Jtm.al diet tor severt.! v.rel.:'. after c' 
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lections were terminated, but there was no marked 
gain in weight until the food intake was increased. 

DISCUSSION 

It has been suggested (1) that the negative 
nitrogen balance following burns may be due, at 
least in part, to a reduced nitrogen and caloric 
intake. Since the loss of nitrogen in these animals 
occurred on an intake sufficient to maintain a 
positive nitrogen balance previous to burning, the 
nitrogen deficit would seem to indicate an accel- 
erated catabolism. This view is in agreement 
with the studies on patients with typhoid fever 
(8), fractures (9), and burned patients (10). 

The loss of nitrogen after burning was marked. 
Dogs 3, 4, 7, and 8 lost respectively 52,00, 34.65, 
43.40, and 33.45 grams of nitrogen. In dog 4, 
the nitrogen loss was equivalent to 216 grams of 
protein, or in terms of muscle, to 1080 grams 
(calculated as 20 per cent protein). Since this 
dog weighed 10.91 kgm., 1080 grams represents 
approximately 10 per cent of the total body 
weight. If the nitrogen loss is calculated in terms 
of plasma containing 6 grams of protein per 100 
ml., dog 4 lost the equivalent of 3600 ml. of plasma 
or roughly 4 times her normal plasma volume. 
Since nitrogen loss in the wounds is known to 
occur (11), the total nitrogen loss was even 
greater than has been indicated. 

In this study, no attempt was made to deter- 
mine the exact nature of the lost protein. During 
the control periods, the urea nitrogen averaged 
80 to 85 per cent and the ammonia nitrogen 6 
per cent of the total urinaiy nitrogen output. 
After the burn, however, dogs 3 and 4 showed a 
10 per cent decrease in tlie percentage of total 
nitrogen excreted as urea; the percentage of am- 
monia nitrogen remained the same. This change 
was not seen in dogs 7 and 8. Total excretion of 
creatine and creatinine in dogs 3 and 4 showed an 
increase, but in terms of percentage of total uri- 
narj* nitrogen, the \-alucs were similar to those of 
the control periods. The marked decrease in the 
percentage of nitrogen excreted as urea reported 
l)y others (12) was at no time encountered in this 
study, even in samples of urine taken at 24 and 
48 hours following tiie bum. In experiments on 
burned calvc.c, Glenn, Minis, and Drinker (13) 
reported incrc.ascd i-alucs in tlic blood non-pro- 


tein nitrogen. Their results showed that it is pos- 
sible, at least under certain conditions, to demon- 
strate that creatine is released in the burned 
area. They found that "undetermined nitrogen” 
did not increase proportionately more than the 
total non-protein nitrogen except in one case. 
Whatever the nature of the loss of nitrogen, it is 
evident that there is an accelerated breakdown of 
protein following burns, and thus an increased re- 
quirement. 

Several means of correcting tlie nitrogen loss 
suggest themselves, namely, feeding increased 
amounts of protein, increasing the nitrogen- 
sparing foods, particularly carbohydrate, and the 
administration of hormones known to have a ni- 
trogen-retaining effect (anterior pituitary growth 
principle or testosterone). Shaffer and Coleman 
(14) have reported that a high carbohydrate diet 
with a liberal intake of protein can correct or 
diminish tlie nitrogen loss encountered during the 
febrile stage of tj'phoid fever. Cuthbertson's work 
(9) on patients with fractures indicates that it 
may not be possible to stem completely the loss 
of body tissue during the period of maximum 
tissue catabolism, but that it can be diminished by 
feeding large amounts of protein and carbohy- 
drate. Even though the loss of nitrogen after 
burns cannot be entirely prevented, it is evident 
that the protein intake should he increased above 
the normal requirement after the catabolic phase 
has subsided. Such a conclusion seems justified, 
since our experimental animals failed to regain 
their body weight on an intake that had been 
adequate during tlic control period. A significant 
nitrogen retention in one normal man and in 3 
patients with gastric carcinoma was reported (IS) 
with the use of parenterally administered testo- 
sterone propionate. 

The effect of Uiis nitrogen loss and the treat- 
ment of it arc now being studied in dogs tinder 
the same conditions as reported in tb.is paper. 

SUMMARY 

Giangcs in nitrogen bakance nr.d b-yly %vc:gr.t 
were studied in 4 .adidt fc.mafc and 

after burning. For .about 15 day-, ff'l'.-vjrg the 
Irjm. tb.crc was a tnarja-! dc.'rit f,; nitrogen f.r. 
an intake li.ad l>efn stuTirient to nr.intr.in 



582 


F. L. MEYER, S. JOSEPH, J. W. iriKSHFELD, ANT) \V. K. AIUIOTT 


the burn. No marked alteration occurred in the 
percentage of nitrogen excreted as urea and am- 
monia. The animals did not regain tlieir weight, 
even though retention of nitrogen began, until the 
diet was increased. 

We are indebted to Dr, Arthur H. Smith of the De- 
partment of Physiological Chemistry and to Dr. Hans O. 
Haterius of the Department of Physiology for their aid 
and counsel. 
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The, advantages of p-aminohippuric acid over 
diodfast for the measurement of the effective renal 
plasma flow and tubular excretory mass have been 
noted in a previous paper (1). The present re- 
port describes the determination of tubular excre- 
tory capacity by p-aminohippuric acid {Tvipah),' 
the quantitative relations between filtration rate, 
effective renal plasma flow, and Tinp^jj in 31 nor- 
mal subjects, in 10 patients with essential hyper- 
tension and in 3 patients with glomerulonephritis, 
and presents a comparison of Tmpj^jj with the 
equivalent diodrast measurement {TiUo) in a 
number of these individuals. 

The subjects were volunteers from the Third 
(New York University) Medical Division of Bel- 
levue Hospital. Those considered normal were 
afebrile. 

METHODS 

The data were collected by two methods. The first, 
designated here as the multiple period method and identi- 
cal with the method used in previous studies from this 
laboratory (2, 3), consists oi the determination oi Tma 
or Tmriii by 5 or more successive urine collection pe- 
riods of about 10 minutes each. The following stock solu- 
tions arc used in the preparation of the infusion fluid: 
inulin 10 per cent, mannitol 25 per cent, diodrast 35 per 
cent, sodium p-aminohippuratc 20 per cent. For the 
measurement of effective renal plasma flow and glomeru- 
lar filtration rate, a priming infusion of 80 ml. of man- 
nitol or 30 ml. of inulin and 2.3 ml. of diodrast or 4 ml. 
of sodium p-aminohippurate is mixed in a sterile 250 
ml. flask and administered intravenously at the rate of 
20 ml. per minute. This is immediately followed by a 

' .-Mded by a grant from the Commonwealth Fund. 

' .\ sterile solution (20 per cent) of sodium p-am:no- 
hippurate in 50 ml. ampoules and Reagent grade p-amir.n- 
hippuric acid were supplied tlirough tV.c courtesy of the 
Mesiical-Rcsearch Division cf Sluirp and Dchme, Pi'.ila- 
dclpl!i.i. Pa. We arc indebted to Sharp an-I Drhme for 
i..al,...c atailahic suostantial gsrantities rst tl*.*— tna*e^ 5 -’*s 
for clinira! as vxcll as cxprrimrr.ta! trial. 


sustaining infusion consisting of 80 ml. of mannitol, 70 
ml. of inulin, and 10 ml. of diodrast or 20 ml. of sodium 
p-aminohippurate, made up to a total volume of 500 ml. 
with normal saline and administered intravenously at the 
rate of 4 ml. per minute. 

For the measurement of maximal tubular excretory ca- 
pacity (Tjho or Tmpxn), the infusion is stopped and a 
priming injection is made into the infusion tubing of 30 
ml. of diodrast or 60 ml. of sodium p-aminohippuratc, 
administered over a period of 10 minutes. The residual 
infusion is reinforced by the addition of 0.18 ml. of dio- 
drast or 0.43 ml. of sodium p-aminohippuratc per ml. of 
infusion remaining in the flask, after which the infusion 
rate is restored to 4 ml. per minute. The methods of 
collecting blood and urine samples are described in the 
above references. 

The second or single period method, described IkiIow, 
represents part of a composite renal function test recently 
introduced for general clinical use (4). This test is de- 
signed to measure maximal concentration power, effective 
renal plasma flow, filtration rate, and maximal tubular 
excretory capacity with a minimal number of technical 
procedures. No breakfast is given on the morning of the 
test. Between 9:00 and 9:30 a.m., the patient drinks 1 
liter of water. At the end of this time, a venous blood 
sample [Do) is taken for plasma blanks and hcmocrit. and 
a priming infusion of 30 ml. of inulin or 80 ml. of man- 
nitol and 3 ml. of sodium p-aminohippuratc is adminis- 
tered intravenously from an infusion flask, over a pericvl 
of about 2 minutes. The sustaining infusion, consisting 
of 42 ml. of inulin or 06 ml. of mannitol and 10 ml, of 
sodium p-aminohippuratc, made up to 350 ml. with normal 
saline, is added to the infusion flask as soon as th.e prim- 
ing infusion has readied the neck and is administcrc-! at 
the rate of 4 ml. per minute. Following a 20-minute dis- 
card period, the bladder is emptied by cath.eter and rir.'ed 
one or more times with about 20 ml. oi saline, and a 1 l'.-»l 
sample (B,) is taken. Twenty minutes later the bk:'l'''r 
is emptied and rin.'td .again, and a second ISc,; sasr;!' 
(f?j) is drawn. 

For Tfirif- measurr.'nent. a primi.ng d's- r: ml. r! 

20 P^r cen* * ** 


* In earlier test'. 2b? ml. c: 10 ;'-r c-nt ;-a— 
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TAIILE I 

Subjects with normal ratal funclion. Mulliplr period melhod 
In this and subsequent tables, all clearance and Tm values arc corrected to 1.7J sq, in. body surface arc.i. 





PJ.isma 

clearance 







i 

C.^t 


Subject 

Sex 

Date 

(Man- 

nitol) 

Tmjj 

^’"PAU 


Di.ijr.nnn’i 


I'r-PAU 




Cjlf 














mftm. 




1 

ffipn. 

ri.U 







ml. per 

iodine 

mif per 

mem. per 

mAf per 

1 PA 11 

VMl 







minute 

per 

minulf 

minute 

minute 

1 fr.cm, . 

\ mM 








minute 




1 iodine 

\ in-HnAt 




A. A. 

F 

4-20-42 

115 



69.2 

G.3S7 

1.74 

2.27 

3,07 

1.69 

Peptic ulcer 


1 

1 4-24-42 

122 

39.8 

0.157 

i 






L. B. 

M 

5- 1-42 

132 



i 68,6 

i 0,354 




1.93 

Sci.Tticn 



5- 8-42 

122 

52.1 

0.205 

1 


1.32 

1.73 

2.34 



A. P. 

F 

5-15-42 

! 79.0 


1 

51.5 

0,365 




1.53 i 

Chronic cholc- 



5-20-42 

72.9 

1 37.3 

0.147 



1.38 

2.48 

1.95 


cj'stitis 

H. Me. 

F 

5-18-42 

119 



87.9 

0,453 




1.35 j 

Sciatica 



6- 1-42 

111 

5I.S 

0.203 



1.71 

2.23 

2.16 



W. C. 

M 

5-22-42 i 

81.6 

35.3 

0.139 1 

64.4 

0.332 

i 

1 


1.27 

Upper rc.splratory' 
infection 



5-29-42 i 

66.3 i 



1.82 1 

2..19 i 

1.89 

1 

J. H. 

M 

5-25-42 

110 

41.2 

0.162 

78.5 

0.405 ' 

] 



1.39 i 

Strcptococc.al 

ph.aryngitis 

Cholecystitis 



5-27-42 

97.3 



1.90 

2.50 

2.36 


B. M. 

M 

10-28-42 

83.6 

40.6 

0.160 



1 


2.06 




11- 2-42 

106 



63.4 ! 

0.327 

1.56 ' 

2.01 


1.67 i 

E. T. 

M 

11-11-42 

91.8 



61.8 

0.318 




1.49 ! 

O.stcoarthritis 



11-13-42 

68.1 

31.0 

0.122 



1.99 

2.61 

2.19 1 

j 

M. R. 

F 

6- 2-43 

99.0 

39.0 

0.154 





2.54 ! 


Rheumatoid 



6- 4-43 

108 



73,7 

0.380 

1.89 

2.47 


1.47 i 

arthritis 

W. D, 

M 

6- 7-43 

81.1 

28.8 

0.113 





2.81 


Sacro-ih'ac strain 



6-11-43 

87.4 



57.2 

0,295 

1.99 

2.61 


1.53 

- 


w 


97.6 

39.7 


67.6 


1.73 

2.33 

2.33 

1.53 



cr 


17.8 

7.18 


10.0 


0.24 

0.29 

0.32 

0.21 



erjm X 100 

18.2 

18.1 


14.8 


13.9 

12.4 

13.7 

13.7 



infusion tubing, with the infusion stopped, the injection 
requiring about 10 minutes, and then 0.43 ml. of sodium 
p-aminohippurate are added to each ml. of the residual 
infusion, after which the rate of infusion is restored to 
4 ml, per minute. 

Twenty minutes from the end of the priming injection, 
the bladder is emptied and rinsed and a blood sample 
(Bs) is taken. Twenty minutes later, another blood sam- 
ple (B<) is taken and the second urine specimen (Us) 
collected by rinsing. The concentrations of the essential 
substrates as determined in the separated plasma from 
the 4 blood samples are plotted on semilogarithmic paper 
against time and the mean plasma concentrations deter- 
mined by interpolation to the middle of the 2 urine collec- 
tion periods. These values, with the analytical data de- 
rived from the 2 urine samples, are used to calculate the 
effective renal plasma flow, filtration rate, and Tvipm. 

(TviD measurements were not made by the single 
.period method in this paper, but this procedure will fit 
into the single period method, the doses required being 
the same as those described above for the multiple period 
method.) 

The above quantities of diodrast and sodium p-amino- 
hippurate in the sustaining infusion are recommended for 
patients with normal or moderately depressed renal func- 
tion, and must be proportionately reduced in patients with 
marked functional impairment. This is essential in the 


determination of effective renal plasma flow, since eleva- 
tion of the plasma level of diodrast iodine or p-amino- 
hippuric acid above 3 and 4 mgm. per cent, respectively, 
may depress the renal extraction ratio. 

Piasma is precipitated by cadium sulfate and p-amino- 
hippuric acid is determined as described elsewhere (1). 
Inulin is determined by a modification (4) of Harrison’s 
method (S), diodrast by Alpert’s method (6) and man- 
nitol by the method of Smith, Finkelstein, and Smith 
(7). The p-aminohippuric acid plasma blank is deter- 
mined additively, by the addition of a known amount 
of substrate to the Bs filtrate (1). Inulin and mannitol 
plasma blanks are determined by adding known quantities 
of substrate to a sample of Bo plasma, prior to treatment 
with yeast and precipitation.* Equivalent aqueous dilu- 


* Re-examination of the inulin method, now in process, 
reveals that apparently fructose-free inulin (repeatedly 
recrystallized) is taken up to an appreciable extent by 
yeast and recoveries are therefore less than 100 per cent. 
This deficient recovery tends to be compensated by an 
inulinoid blank derived from the yeast itself. 

Loss of inulin onto yeast is not a significant source of 
error if plasmas and urines are yeasted and precipitated in 
an identical manner. The appropriate blank to be de- 
ducted from the plasma may be determined additively in 
the Bo nitrate, i.e., by diluting a small quantity of stand- 
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TABLE n 


Subjects with normal renal function. Single period method 




1 

j Plasma clearance 


CiN 


^PAB 


Subject 

Sex 

1 Date 

i 

1 (Inulin) 

Qn 

1 

(PAS) 

^PAB 

'^o'PAB 

CPAB 

PWPAH 

TotpAB 

Diagnosis 


ml. per ml. Per mem. per 
minute minute minute 


J. M. M 4-6-43 135 96.4 1.40 Upper respiratory infection 

C. Me. M 4- 9-43 88.5 104 0.854 Upper respiratory infection 

D. D. F 4-14-43 106 66.4 1.59 Pneumococcal pneumonia 

S. L. M 4-21-43 90.8 494 87.4 0.184 1.04 5.64 Chronic bronchitis 

R. P. F 5- 6-43 115 543 84.3 0.213 1.36 6.44 Pneumococcal pneumonia 

M. R. F 5-10-43 97.8 606 68.6 0.162 1.42 6.83 Rheumatoid arthritis 

J. Y. M . 5-11-43 130 748 94.9 0.174 1.37 7.88 Upper respiratory infection 

A. F. M 5-18^3 153 769 74.8 0.199 2.04 10.3 Rheumatic fever 

C. 0. M 5-19-43 123 954 75.8 0.130 1.63 12.6 Upper respiratorv’ infection 

L. P. F 5-25-43 101 536 85.4 0.188 1.18 6.27 Cholelithiasis 

G. L. M 5-26-43 103 82.2 1.25 Pneumococcal pneumonia 

C. S. M 11- 3-43 136 708 78.6 0.192 1.73 9.00 Filariasis 

J. H. M 11-10-43 103 506 96.4 0.203 1.07 5.25 Duodenal ulcer 

P.S. F 11-15-43 99.7 675 76.8 0.148 1.30 8.79 Chronic alcoholism 

A. L. F 11-26-43 107 464 79.8 0.229 1.34 5.82 Primary atypical pneumonia 

P. M. M 12— 3-43 114 696 77.2 0.164 1.48 9.02 Upper respiratory infection 

P. E. F 12-10-43 ■ 94.2 445 62.0 0.212 1.52 7.17 Hvsteria 

M. G. M 12-27—43 99.8 508 0.196 Pneumococcal pneumonia 

J. O. M 12-29—43 98.7 765 90.7 0.130 1.09 8.44 Pneumococcal pneumonia 

A. K. F 1-13-44 96.8 529 62.1 0.183 1.56 8.51 Pneumococcal pneumonia 

R. C. M 1—24—44 139 539 93.7 0.257 1.48 5.75 B. Friedlander pneumonia 

J. W. M 4—24—44 143 681 0.211 8.03 Uptier respiratory pneumonia 

4-27-44 141 709 88.3 0.199 1.59 


m 112 621 82.2‘ 0.187 1.41 7.74 

<r . 15.5 133 11.1 0.03 0.27 1.86 

trim X 100 13.8 21.4 13.5 16.0 19.1 24.1 

, * TmpAn obtained by combining the observations in 31 subjects using the single (Table I) and 

multiple (Table II) period technic was 77.5 d= 12.9. 


tions of inulin or mannitol should be yeasted and precipi- 
tated and the resulting v-alues deducted from the total Be 
recovery to obtain the appropriate Be correction. Urine 
samples diluted to a U/P ratio of approximately 1.0 are 
yeasted and precipitated in the same manner as plasmas. 

The equation used for the calculation of Tm is that of 
Smith, Goldring, and Oiasis (8), 

Tm = UV - PCuPW = [ (Cp/Crx) - PIV]PC„ 


where U and P arc the concentrations of diodrast iodine 
(or p-aminohippuric acid) in mgm. per ml. of urine and 
plasma, respectively, V is the urine flow in ml. per minute, 
Cit is the inulin (or mannitol) clearance, and Cn is tlic 
diodrast (or p-aminohippuratc) clearance in ml. of plasma 
per minute. FIV is taken as 0.73 for diodrast (8) and 
as 0.63 for p-aminohippuric acid (1). 

During the administration of the priming dose of so- 
dium p-aminohippuratc, nearly all patients complained of 
a sen.sation of ■warmth whidi began in the lumbar region, 
the epigastrium, or the perineum and, at times, was felt 
over the entire body. The sensation persisted -until 3 to 
5 minutes after tlsc injection had l>eer. ccmplcted. Despite 


anl inulin sdutian with the Bt filt; 
the addition cf inulin. Tl'.e same p 
to mannisc!. 


ate prtpured witheu: 
ocedurc is applicable 


an intense subjective sensation of tvarmth, the rectal tem- 
perature remained normal and no cliange in skin color 
was visible, although in some individuals perspiration was 
noted. The pulse rate and blood pressure remained un- 
changed. The only other reactions were occasional head- 
ache or nausea which disappeared after cessation of the 
priming dose. Three out of 43 patients vomited and 2 
had a formed bowel movement about 5 minutes after the 
end of the injection. In most instances, symptoms could 
be controlled or prevented by slowing tlie rate of injec- 
tion and in no case was it necessary to discontinue adm;.-;- 
istration of the drug. 


r.E.'tULTS 


Four 5ets of data are presented in the l-iblc:: 
a comparison of Trnn and Tir.r.tfT in 10 non:-.:;! 
subjects convalcsccn.t patient.^ v.i;o v.crc free 
of immediate cvidencc-s or Itislory of rcr-il dis- 
ease), these values l>e:n^ dcttrTnir.m; on 5'-;.nrr.te 
occasions and c-nch ('.atutn ro'c? er.tir.;- ?;;e mean 


of 5 or more successive isrir.e c' 
(Table I); an cx'.cv.’h.n ft o 
Tir.rj^t; in 22 ncrr.tal fubjrrts ly i. 



1 
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TABLE III 


Subjects with essential hypertension. Sinpje period method 






Plasma 















clearance 












Subject 

Se.x 

Date 









Cm 

I Cm 

Cm 

Cm 





‘D 

‘ "‘PA II 

1 ’■■•PM 

\ ^ 

1 

! 

CpAlt 


Ct^PAU 



(Man- 

nitol) 

Cm 

(Dio- 

drast) 

Cd 

{PAID 

CpAii 





1 






ml. per 



iodinr 

mAf Per 

tr.inute 

m\f PfT 

/M// 

; PAH 


1 






minute 



per 

minute 

ruittu!^ 

rijTM. 












minute 



ifldine 

, iodinf 





C. M. 

F 

3-27-42 

82.6 





58.6 

0.302 






1.41 



4- 6-42 

70.4 



41.7 

0.161 



1.41 

1.84 



1.69 


A. W. 

F 

4- 8-42 

74.2 



24.4 

0.096 







3.01 




4-17-42 

; 57.8 





55.0 

0.283 

2.25 

2.94 




1.01 



10- 4-42 

66.4 



27.3 

0.107 







2.43 




10-14-42 

t 64.8 

\ 




52.3 

0.269 

1.91 

1 2.51 




1.24 

C. B. 

M 

4-22-42 

1 82.5 



1 


58.9 

0.30-1 


1 




1.40 

1 


4-27-42 

70.7 



29.2 

0.115 



2.02 

2.6-1 



2.42 



1 

1-22-43 1 

66.8 

309 

334 

36.1 

0.142 





0.215 

0.199 

1.85 




1-29-43 

79.2 





65.0 

0.335 

1.80 

2.36 




1 .22 

J. w. 

F 

4-29-42 

74.5 





63.0 

0.325 


1 




i.is 


5- 6-42 

68.3 



37.8 

0.149 



1.67 

2.18 



1.80 


R. S. 

M 

11-23-42 

91.1 

475 


40.2 

0.158 





0.192 


2.27 




12- 2-42 

98.4 


570 



67.2 

0.346 

1.67 

2.19 


0.173 


1.46 

C. B. 

F 

1-20-43 

88.7 



36.4 

0.143 




1 

1 


2.44 




1-25-43 

95.1 





68.5 

0.353 

1.88 

2.47 



1 

1.39 

P. L. 

F 

1-27-43 

83.2 

453 

424 

45.1 

0.177 

1 


1 


0.184 

0.196 

1.85 




2- 3-43 

99.0 





84.0 

0.433 

1.86 

2.45 


1 


1.18 

A. P. 

M 

2-19-43 

96.5 

437 

415 



65.2 

0.336 



0.221 

0.233 


1.48 



2-22-43 

86.2 

536 

473 

35.1 

0.138 



1.85 

2.43 

0.161 

0.182 

2.45 


J. 0. 

F 

2-26-43 

93.1 

390 

410 



68.8 

0.354 



0.239 

0.227 i 


1.35 


3- 1-43 

84.9 

407 

393 

27.1 

0.107 



2.53 

3.31 

0.209 

0.216 

3.13 


P. C. 

M 

5-19^3 

76.2 

470 

442 



43.9 

0.226 



0.162 

0.172 


1.74 



5-21-43 

74.4 

422 

446 

26.6 

0.105 



1.65 

2.15 

0.176 

0.167 

2.80 



method (Table 11) ; a comparison of Tinp and 
TmpAji in 10 subjects with essential hypertension 
(Table III) ; and a similar comparison in 3 sub- 
jects with glomerulonephritis (Table IV), 

The data obtained by the multiple (Table I) 
and single period (Table II) methods have been 
summarized separately and treated statistically. 

The mean value of Tnip^n obtained by the mul- 
tiple period method (67.6) is lower than that ob- 
tained by the single period method (82.2). How- 
ever, the first group is only half as large as the 
second, and the mean value of Tnip in the first 
group (39.7 ± 7.2) is lower than that previously 
obtained for either males (51.8 ±8.73) or fe- 
males (42.6 ±9.46) (3). This discrepancy ap- 
pears to be attributable to chance distribution, 
since the ratio of Cn/Tmo in this group (2.33) 
approaches the values previously reported for nor- 
mal subjects (2.63 for men and 2.81 for women) 


m 1.88 2.46 
(T 0.25 0.33 

- X 100 13.3 13.4 

VI 

(3) and since the Cm (or C^ix)/Tiiipjiji ratios in 
the 2 groups in the present study are nearly iden- 
tical (1.53 and 1.41). We therefore infer that 
the difference in Tiiipah in the multiple period 
(Table I) and single period (Table II) groups is 
not related to the differences in the methods of 
study, and we feel justified in combining the 2 
groups in arriving at a mean, normal value of 
TvipAH. This value, as cited in Table II, is 
77 .5 ± 12.9. Since the total number of subjects 
is too small to permit subdivision by sexes, the 
establishment of a mean value for each sex must 
await the collection of more data. 

The -ratio TinpAH/Tiiip, when calculated on a 
molar basis, averages (2.33 ±0.32), a figure con- 
siderably higher than in the dog, in which species 
it has a value of approximately 1.0 (1). This 
species difference has no explanation at the pres- 
ent time. In the limited number of patients stud- 
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TABLE IV 


Subjects with glomerulonephritis. Multiple period method 






Plasma 












Subject 

Sei 

Date 

clearance 








Qr 


Qr 


(Man- 

nitol) 

{Dio- 

drast) 

(PAH) 

CpAB 

±mD 





CpAB 

Tmjj 

'^'^PAB 




ml. ifCT 

ml. -per 

ml. per 

mgm. 

iodine 

mUf per 

mgm. 

Per 

minute 

m3f Per 

mgm. 

PAH 

mil 

PAH 








minute 

minute 

minute 

Per 

minute 

minute 

mgm. 

mgm. 











minute 



iodine 

iodine 





F. T.‘ 

M 

1- 6-43 

42.3 

138 

182 



24.8 

0.128 



0.307 

0.233 


1.71 



1-18-43 

33.5 

158 

178 

12.6 

0.050 



1.96 

2.56 

0.211 

0.189 

2.65 


J.v.i 

M 

2- 1-43 

112 

499 

609 

44.8 

0.176 





0.225 

0.185 

2.51 



2- S-43 

127 





82.6 

0.426 

1.84 

2.42 




1.53 



2-15-43 

120 

5J3 

678 

49.4 

0.195 


" 

1.67 

2.18 

0.233 

0.177 

2.42 


M. S.= 

M 

3- 5-43 

93.2 

484 

504 

33.3 

0.131 





0.192 

0.185 

2.80 




3- 8-43 

83.1 

340 

447 



64.4 

0.332 

1.94 

2.53 

0.244 

0.186 


1.29' 




Inulin 










CiK 


Cis 















TmpAii 

M. M.’ 

M 

1-11-44 

106 


811 



70.8 





RInifI 


1.50 



1-17-44 

106 


1298 



83.4 





lilUKlI 


1.27 

1. S.* 


2- 3^4 

104 


692 



84.0 





0.150 


1.23 

M 

1-31-44 

32.4 


264 



47.6 





0.123 





2- 8-44 

20.8 


128 



13.4 





0.162 


1.55 



2-23-44 

39.4 


267 



32.5 





0.148 


1.21 



3- 8^ 

44.4 


279 



32.1 





0.159 


1.38 


* Chronic diffuse glomerulonephritis. ’ Acute diffuse glomerulonephritis. 


ied here, this ratio remains unchanged in tlie pres- 
ence of essential hypertension and glomerulo- 
nephritis, indicating that in these subjects the loss 
of capacity on the part of the renal tubules to 
excrete diodrast is accompanied by a parallel loss 
of capacity to excrete p-aminohippuric acid. 
Whether or not this relationship will hold at all 
stages and in all forms of renal disease remains 
to be determined. 

SUMMARY 

Procedures are presented for the determination 
of the effective renal plasma flow (Cr.i/r) and the 
maximal rate of tubular excretion of 

p-aminohippuric acid. 

The mean value of Tvip^ar in a group of 31 
normal subjects is 77.5 zt: 12.9 mgm. per minute 
per 1.73 square meters of body surface. Values 
arc also given for in patients with es- 

sential hypertension and in 3 patients with 
glomerulonephritis. 

The molar ratio of the m.-ixinul rate of tubular 
excretion of p-aminohippuric acid to that of dio- 
drasi iTinp,,i,/Tmp) is 2.35 =i: 0.32 in 10 normal 
i^uhjccts. Practically tlie .s.-.mc ratio (2.-6 = 0.33) 
is found in 10 subject.s with essentia! In-pertcn- 


sion. In 1 patient with acute and 2 with chronic 
diffuse glomerulonephritis, the ratio appears to 
be similar. 

The intravenous administration of relatively 
large doses of sterile solutions of sodium p-amirio- 
hippurate causes no disturbing symptoms if the 
rate of injection is approximately 6 ml. of a 20 
per cent solution per minute. 

Wc arc indebted to Miss Norma Finkclstcin. ^{iss 
Martha Barrett, Miss Qairc Lawler, J.tiss Betty Craw- 
ford and Mrs. lisa Langcr for the inulin and mannitol 
determinations, and to Nurse Grace Volfic for clinical 
assisUince. 
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This communication, which deals with the use 
of penicillin in the treatment of lobar pneumonia, 
and an accompanying one (1) describing the local 
treatment of pneumococcal empyema with .penicil- 
lin, are extensions and elaborations of an earlier 
report (2) on the same subjects. The material 
embodied in the earlier article consisted of 46 
cases of pneumonia and 8 cases of pneumococcal 
empyema. In the present report, 64 additional 
cases of pneumonia are included, and, in the ac- 
companying article, 13 additional cases of empy- 
ema have been added, making total numbers of 
110 pneumonias and 21 empyemas, respectively, 
that have been assembled for presentation. 

The results obtained with the use of penicillin 
in pneumonia were derived from cases that were 
available for treatment during two successive 
years, consisting of the seasons of 1942-43 and 
1943-44. Data for the t^vo periods are given 
separately in Table I and are also consolidated 
as total results. 

Since the study has been primarily concerned 
with cases of pneumococcal etiolog)', otlicr cases 
of acute pulmonary infections in which the bac- 
teriolog)’ was indeterminate and which, in addi- 
tion, presented various clinical and roentgenologi- 
cal findings of ill-defined suppurative and non- 
suppurative pneumonitis, have been excluded from 
the present analysis. 

Serological lypes of pneumococci 

The incidence of infections caused by the sero- 
logical types of pneumococci, T}-pcs I to VIII, 
\vhich most frequently give rise to severe pneu- 
monia. arc comparable for the two periods re- 
corded in Table I. In the 1942—13 scries, 30 out 

’ Tl:c rroicinin wat j'rrvj 'rfi by ihe O.Ticc of ?rirnt:?:c 
kcffarch an'! ricvc!oyrr.rr.t from tb- 

on ’!ti!ica! Rr'rarch for c!:-.:ca! :r.vr<::ra!!'— j 


of 46 cases were due to the particular pneumococ- 
cal types mentioned and in the 1943-44 series 41 
out of 64 cases were caused by the same t}'pes, 
the number in each instance representing approxi- 
mately rivo-thirds of the total. The most definite 
difference in the tj'pe incidence during the two 
separate years is to be noted in the occurrence of 
17 cases of Type II pneumococcus pneumonia 
during 1943-44 as contrasted with 6 similar cases 
in the preceding year. 

The number of cases listed bacteriologically as 
“unclassified” refers to instances in which the 
sputum contained pneumococci but the organisms 
were not identified either by quellung reaction or 
by mouse inoculation as belonging to Tj-pcs I to 
XXXII. The patients listed as having “no spu- 
tum” were selected for inclusion in the pneumo- 
coccal group of pneumonias on the basis of a char- 
acteristic history' and classical clinical findings, 
including leukocytosis. It seems not unlikely that 
if the typing of sputum from these cases had been 
accomplished they would have distributed them- 
selves proportionately among the usual types. 

Bacicremia 

The fact that tlie initial blood culture was posi- 
tive in 40 (36.3 per cent) instances indicates that 
the cases selected for treatment were particularly 
suitable for assaying tiic effect of the therapy. 
The incidence of bacteremia in the 1943—54 perio?! 
was somewhat higher (39 per cent) than in the 
preceding year (32.6 per cent). Th.c differenre 
is accounted for by the 17 ca.'cs of Ty]>e 11 pnc.!- 
mococcal infection encountcrc'i during 195.3—54 
of which 10 (58 per cent) yielded p-i-itive h9*',»S 
cultures. 

Response to penicillin therapy. defirdte re- 
to ‘vjth 

trarily define-; .".s ecn:rr:ng v.rrn fr-. rr c.r ! r-- 
Cl rnt^anying sympt^marf /gy e-th'-r rrp'-'.'.y 
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TARLE I 


Results obta-iued from the treatment of pneumonia with penicillin 



Cases of 1942~13 scries 

Cases of I9-I.'!— M serlci 

Cornlifn^fl mtihi 

Pneumo. 


Posi- 

Response to penicillin 


1 

Response to penicillin 


Pos(. 

Rrspon 

to fv-nf.-tillm 

Types 

No. 

live 




No. 

live 




Nn. 

live 





blood 




blood 









cases 

■ cul- 

Dcfi- 

Indcfi- 

Died 


cul- 

Dcfi- 

Indefi- 

Died 

1 


rill- j 

Den- 

1 

Disd 



ture 

nitc 

nitc 


turc 

nitc 

nitc 


tiire 

nitc 

nitc 

I 





1 

6 

3 

6 


1 

17 

7 

16 

i 

n 

II 






17 

10 

16 


1 

23 

13 

22 

1 

1 

H 

III 


1 





1 

4 

1 


6' 

2 

5 



IV 

1 

1 

1 




1 

2 



3 

2 

3 



V 


1 


1 



2 

2 


1 

7 

3 

6 

1 


VI 






1 

0 

• 

1 


1 

0 


1 


VII 


2 





2 

3 

1 

1 

8 

4 

6 

1 

1 

VIII 


2 


1 

1 


2 

3 



7 

4 

6 


1 

IX 

1 1 

0 









1 

0 



1 

X 


1 



HH 

1 , 

1 

1 



1 

1 

1 



XI 

2 

0 




1 





2 

0 

2 



XII 

1 

0 

1 



3 

1 

2 


1 

4 

1 

3 


1 

XV 

1 

0 

1 

1 


1 ; 

1 

1 



2 

1 

2 


XIX to XXIX 

3 

1 

2 

1 


2 i 

0 

1 

1 


5 

1 

3 

2 


Unclassified 

4 

0 

3 

1 

■ 


1 

6 


1 

11 

1 

9 

1 

1 

No sputum 

3 

0 

2 

1 

■ 


0 

7 

2 


12 

0 

9 

3 

Total 

46 

15 

39 

4 

3 

64 

25 

54 

6 


110 

40 

93 

10 

■ 


cantly and progressively defervesced during the 
first 2 days. In other cases for which penicillin 
was also of definite value but in which the effect 
was not reflected by rapid changes in the course of 
the temperature, significant improvement was evi- 
dent by the clearing of bacteremia and by consid- 
erable alleviation of distressing symptomatology 
such as general intoxication, cyanosis, and labored 
respirations. The latter group usually comprised 
the most severe infections and in spite of the fact 
that fever did not rapidly abate, their recovery 
indicated particularly the value of penicillin in 
pneumonia. 

Ninety-three (84.6 per cent) of the 110 pa- 
tients were considered to have exhibited a definite 
response to treatment with penicillin. In 71 (76 
per cent) of the 93, the rate of recovery was both 
complete and abrupt as reflected in the fact that 
their temperatures reached normal limits within 
the first day or two following the institution of 
treatment. Thirteen of the patients who responded 
in this manner bad bacteremia on admission. 

As stated in the previous article (2), the ra- 
pidity with which the temperature fell to normal 
ranges following penicillin therapy was often a 
striking phenomenon, the suppression of the in- 
fection not infrequently becoming evident within 
the first 12 to 15 hours. 


In the remaining 22 (24 per cent) of the 93 
patients who responded favorably to penicillin, 
fever persisted beyond the period of treatment. 
Twenty of the 22 in this group had bacteremia 
and many were admitted late in the disease. They 
either had complications referable to the pneumo- 
coccal infection itself or their pneumonia was 
superimposed on some other pre-existing dis- 
order. In spite of these circumstances, their re- 
covery from pneumonia was complete. 

The acute complicating factors which delayed 
recovery in the latter group of 22 severe cases 
were as follows : empyema — 2 cases, sterile pleural 
effusion — 3 cases, purulent arthritis — 2 cases, de- 
layed resolution — 3 cases, co-existing pulmonary 
diseases such as bronchiectasis, asthma, or pos- 
sibly primary atypical pneumonia — 6 cases, pur- 
pura — 1 case, leukemia — 1 case, gangrene of the 
foot — 1 case, salpingitis — 1 case, and unexplained 
fever of 10 days’ duration — 2 cases. 

On the basis of our present experience, if a 
patient believed to have pneumococcal pneumonia 
fails to respond to penicillin therapy with a sig- 
nificant drop in fever by the third day of treat- 
ment, it has been found important to review again 
several aspects of the case such as the bacterial 
etiology, the possible development of some pneu- 
mococcal complication, or the possible presence 
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of an additional intercurrent disorder that may 
account for retardation of recovery. 

The capacity of penicillin to eradicate bac- 
teremia has been found to be one of the most 
striking effects. Of the forty cases (36.3 per 
cent) of the whole series which had bacteremia 
on admission, in every instance irrespective of the 
ultimate outcome, the second blood culture, taken 
usually on the following day, was sterile. 

A limited number of observations have been 
made on the rapidiiy with which the circulating 
organisms were eradicated. In 5 cases, repeated 
blood cultures were taken at 3-hourly intervals 
after each intravenous injection of penicillin. 
The rapidity with which the cultures became 
sterile was' as follows: in 2 instances, 3 hours 
after the first intravenous dose of 25,000 units of 
penicillin ; in 2 instances, 3 hours after the second 
dose; and in 1 instance, 3 hours after the third 
dose. The progressive decrease in the number of 
organisms in the blood stream appears to indicate 
the bactericidal action of penicillin, i« vivo, com- 
parable to the findings observed in vitro (3). 

In Table 1, 10 of the recovered cases have been 
listed as exhibiting an indefinite response to peni- 
cillin therapy. None of the group had bacteremia 
and none of them were seriously ill. They pur- 
sued febrile courses for 7 to 14 days with only 
gradual improvement in spite of the administra- 
tion of presumably adequate amounts of penicillin. 

Complications such as pleurisy, bronchiectasis, 
or pulmonary fibrosis, which might account for 
the equivocal response, were suspected of being 
present but were not definitely established. The 
explanation of the failure of this group to respond 
remains, therefore, obscure. 

Deaths. Seven patients who received penicillin 
therapy died (mortalit}’ rate 6.3 per cent). One 
of the patients of the 1943-44 scries included in 
the fatal group was moribund on admission and 
died 7 hours later. A second patient, also of the 
1943-44 scries, was admitted to our wards with 
pncumococc.al (Type VIII) meningitis which had 
developed in .association %vith an earlier pneu- 
monia that had been treatcfl with stilfadiarinc. 

If the 2 cases of the 194.3 — 14 scries jtjst men- 
tioned are c.vclndcd, 5 de.aths rctn.ain as a basis for 
cstim,a;ing a mort.ality rate of 4.5 per cent. 

Details of the 3 f.at.a] cases of tb.c 1942-;3 scries 
were given in the previous anidc (2). Of the 


remaining 2 deaths among tlie 1943-44 series, tlte 
circumstances were as follows : one of the patients 
was a 65-year-old woman with an indeterminate 
history. She had pneumonia, bacteremia, and 
purulent arthritis due to pneumococcus, T}’pe 
XIL Auricular fibrillation was present. She had 
received 145,000 units of penicillin before exitus. 
A blood culture taken on tlie second day was 
sterile. She died 48 hours after admission with- 
out responding to treatment. 

The second recent fatal case was a 42-year-oId 
white male who -was admitted on the 4th day of 
pneumonia due to pneumococcus, T}'pe II. Bac- 
teremia was present. He received a total of 
400,000 units witliin the first 9 hours, 100,000 
units being given intravenously every 3 hours for 
4 doses. The dosage rvhich he received repre- 
sented part of a study directed toward attempting 
to determine whether or not relatively massive 
doses of penicillin given over a short period of 
time would be as efficacious as small doses ex- 
tended over several days. He received a total 
amount of penicillin greater than that employed 
according to usual procedures. On the day fol- 
lowing admission, he appeared improved and a 
second blood culture was sterile. Consequently, 
subsequent treatment w'as temporarily withlield. 
On tlie following day, however, he became worse. 
Penicillin tlicrapy was reinstituted but the patient 
died 6 hours later. 

This patient, as will be subsequently pointed 
out in a discussion of dosage and duration of treat- 
ment, illustrates the importance of a continuation 
of treatment over several days in relation to day 
of disease on which treatment was first in.stitufcd 
rather than the total quantity of penicillin .ndniin- 
istcred during a brief period in severely ill patient 

Cases •u’ilh pneumococcaJ coml'V, cations 

Although additional studies of pnenmo-rorca! 
empyema will be tb.c subject of .i separate com- 
munication (1), 2 cases .arc included in the jnes- 
ent scries since tiicy were fir.-t seen during t!:e 
aaitc pneumo:nc pb..ase of the disc.a-c. Tlicy v.rre 
trc.a;c<i by injection.': of jcnicil'i.n intra- 

venously and i.n;r.'mu''cr!brly. IJr.rleremia, v.-hr:'.-, 
was present in r.ich imt.ance < n clr.'.rf-d 

within the first 2- h.^ur^. T;:'‘y T:’;:'n’.''“ly 
recovered. 
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Whether or not empyema developed in spite of 
the otherwise successful administration of peni- 
cillin is not clear. The acute pneumonic signs dur- 
ing the first few days of observation overshadowed 
the possible evidence of the presence of empyema. 
In view of the fact that the patients were admitted 
on the 5th and 8th days, respectively, of severe 
pneumonia, it seans possible that the suppurative 
infection of the pleura was present before therapy 
was begun. Up to the present time, in our experi- 
ence, neither the intravenous nor intramuscular 
administration of penicillin has been found to be 
of value in the treatment of empyema after it has 
been established. 

In the present series of cases, the incidence of 
2 cases of empyema (1.8 per cent) among 110 
cases of pneumonia is lower than the rate of 5 
per cent which is usualty given as representing 
the frequency of empyema as a complication of 
pneumonia before the modern forms of specific 
chemotherapy were adopted. 

Four cases of purulent arthritis complicating 
acute bacteremic pneumonia were encountered in 
the -present series. The arthritis was present on 
admission and was bilateral in each of the cases. 
Knees, ankles, or wrists, or combinations of these 
sets of joints, were affected. 

Pneumococci, Types I (2 cases), VIII, and 
XII, were isolated from the sputum, blood, and 
the purulent articular exudates. 

One of the cases, as mentioned previously, ter- 
minated fatally. 

The remaining 3 recovered from the acute 
pneumonia. With respect to the arthritis, one of 
them recovered completely after several weeks of 
gradual defervescence; in another, in whom the 
acute articular infection was superimposed on an 
extensive pre-existing osteoarthritis, the joints 
returned to their earlier status; in the third pa- 
tient, destruction of articular tissues occurred with 
permanent disablement which has required pro- 
longed orthopedic treatment. 

It is interesting to note that in each of the 3 
cases which recovered, the arthritic exudate be- 
came sterile following the intravenous injection 
of penicillin. With specimens of exudate from 2 
of them, tests in vitro were performed which 
demonstrated the presence of active penicillin that 
had diffused from the blood stream. Other in- 
vestigators (4) have also recently reported that 


I)cnicillin .'ulmiiiistercd iiitravcnondy v/a'-. fmmrl 
to diffuse into inn.-uned joints. 

The 3 patietits in whnui delnvod resolution frc- 
curred were admitted to the ho.spital on the 7th, 
Sth, and 10th day.*^ of disease, re.-'pertively. Their 
illness was severe and was nccotupanied by har- 
teremia. Among the patients iti general, however, 
delayed resolution has not been found to occur 
as a characteristic of pneumonia treated with 
penicillin. 

Dosage oj penicillin. In tl'.e previous report 
(2), a scheme of dosage was developed %vhich 
was based on observations dcrivefi frotn experi- 
mentally planned trials with respect to quantity 
of penicillin per dose, frequency of dosage, and 
duration of treatment. The treatment which was 
outlined may be summarized as follows : 

For cases of moderate severity, the injections 
for each day consisted of 10,000 units per dose 
given intramuscularly for 4 doses and the continu- 
ation of the procedure was conditioned by the 
day of disease on which treatment was begun. 
In patients admitted within 3 days of the onset, 
treatment was continued for at least 4 days; in 
patients admitted after the 3rd day of illness, 3 
consecutive days of treatment often proved 
sufficient. 

For cases severely ill, the first 2 doses con- 
sisted of 25,000 units, given intravenously at 3- 
hour intervals, followed, also at the same inten'al, 
by 2 doses of 10,000 units, given intramuscularly 
for the first day. When a favorable response was 
evident, the subsequent daily treatment consisted 
of 4 doses of 10,000 units each, given intramuscu- 
larly at 3-hour interA^ils for each day that treat- 
ment was continued. 

The procedure as outlined obviates the neces- 
sity of giving injections of penicillin constantly 
throughout each 24-hour period since the remis- 
sions evoked by a series of 4 injections were found 
to endure for 20 to 24 hours after the last dose. 
However, in view of the fact that patients were 
often admitted during the evening or night the 
injections of the second day followed the treat- 
ments of the first day as a continuous period of 
8 injections. 

According to this regime the total amount of 
penicillin per case varied from 120,000 to 190,000 
units and treatment lasted for 3 to 4 da)^s. 

In reviewing the dosage of the cases of the 
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1943-44 series, an analysis reveals that of IS 
cases with bacteremia the average amount per 
case was 248,000 units and of 15 cases without 
bacteremia, the average amount per case was 
175,000 units. The two factors which accounted 
for the recent increases in dosage were a greater 
number of intravenous injections (4 to 8 in se- 
quence) to severe cases and a tendency to extend 
treatment beyond the third or fourth day when 
appreciable degrees of fever persisted. Analyzed 
objectively, no very clear cut advantage was 
demonstrable from the increased dosage except 
such advantage as might be referable to insuring 
sufficient therapy for the patients who were seri- 
ously ill. 

In the previous communication (2), details of 
individual cases were given in which treatment 
with moderate amounts of penicillin (10,000 units 
every 3 hours for 4 doses) were injected for a 
single day only. Among the cases so treated in 
which the illness was relatively mild, the brief 
period of therapy proved sufficient. However, 
in other patients in whom therapy was suspended 
after the administration of the first 40,000 units, 
the primary remission, which lasted approximately 
24 hours, was followed by a relapse requiring fur- 
ther treatment. 

Additional observations have been made with 
regard to the effectiveness of a single day of treat- 
ment by administering large doses on the day of 
admission. One patient, treated in this manner, 
received on the first day a total of 300,000 units 
given intravenously in 3 individual doses of 100,- 
000 units each at 3-hour intervals. The prompt 
fall in temperature and symptomatic improvement 
which followed endured for 30 hours. A sharp 
e.xaccrbation of the infection then developed which 
was controlled when penicillin therapy was 
resumed. 

A second case, similarly treated for a single d.ay, 
was described among the fatal cases. As stated 
earlier, he received 400,000 units on the day of 
admission. 


Although each of these patients received larger 
total amounts of penicillin than th.c average quan- 
tity given even to severe ca^c.s. the failure of the 
single d.ay method cmpliasirc.- the grc.atcr impor- 
tance of continuation of tlicrapv rather t;nn th.c 
si.'c o! individu.il tloses. The role of inununitv 
developed by the pnticn; appears to I>e an impor- 


tant factor in transforming the remission of infec- 
tion induced by the drug into permanent cure. 

On the basis of our additional experience, tliere- 
fore, it seems likely that the earlier recommenda- 
tions remain essentially ralid as a basis for assay- 
ing the amount of penicillin necessary to suppress 
the infection. However, the method of handling 
unusually serious cases encountered late in the 
disease may invite the use of large initial doses 
(25,000 to 100,000 units intravenously for the 
first day or two) for the purpose of eradicating 
the bacteremia as rapidly as possible and thus pre- 
venting metastatic complications such as menin- 
gitis, pericarditis, or endocarditis from developing. 

Injections caused by pneumococci resistant to 
sulfadiasine treated with penicillin. Among the 
patients included in tlie present study, the infec- 
tions in 3 instances were proved by' laboratory' 
tests to be caused by pneumococci tiiat possessed 
a high degree of resistance to the antibacterial 
action of sulfadiazine. The serological types of 
the infecting strains were Types I, VII, and VTII, 
respectively. Mice, infected with the strains, died 
following injections of 10 to 100 M.L.D. in spite 
of treatment with amounts of sulfadiazine that 
were, in tests with other strains of pneumococci 
of a similar ty'pe, sufficient to effect cure. 

In each of the patients from whom the rcsi.stant 
strains were derived, appreciable blood levels of 
sulfadiazine resulting from the immediately pre- 
vious treatment were present concomitantly witli 
a bacteremia. Prompt improvement leading to 
recovery followed penicillin therapy in cacli case. 

Since the patients did not respond to the initial 
treatment with sulfadiazine, their cour.scs sug- 
gested that the infecting pneumococci m.ay have 
been sulfonamidc-fast from the beginning of the 
disease rather than having acquired the property 
during treatment. 

Similar conditions to those jiK dcscri!>ed ’.vcrc 
presented in an earlier article (5) in whidi 2 
patients haring bactcrcmic pnctirnoui.'i rbae to 
sulfonamicic-fast pneumococci were .'t:crr'‘;f::''y 


treated with type specific antipu'^um'-ri'c 
senim. 

Cases in xvr.icl; penlciUin Cu-raf': xr:f r^f!: 
f’V tl'.c cdir.ir.istratinn f,f fr. F f 

10 patients di'te'I in T.alfe ! i !!<■ 

r.r-:>rerir.:;!c reep^n-'e i'. p-r;:' *-r.r 
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period. In 7 of them the change in treatment was 
without effect. None of the patients were seri- 
ously ill. They all recovered gradually by lysis. 

In one patient from whose sputum pneumo- 
coccus Type III was isolated, the change in treat- 
ment from penicillin, which seemed ineffectual, 
to sulfadiazine was followed by prompt recovciy. 
Bacteremia was not present in the case. 

Since the sulfadiazine was first administered 
on the 9th day of disease, the possibility that 
spontaneous crisis may have occurred coincident 
with the change in therapy requires consideration 
in interpreting the results. 

The patient’s strain was not tested for fastness 
to penicillin. In this connection, it may be stated 
that among 20 different strains of pneumococci 
derived from patients, none have been encoun- 
tered which exliibited by laboratory tests an ap- 
preciable degree of resistance to penicillin. Up 
to the present time, a review of the literature fails 
to reveal the occurrence of penicillin-fast strains 
of pneumococci derived from patients. 

Summary 

This report contains the results obtained from 
the treatment of 110 cases of pneumococcal pneu- 
monia with penicillin during the seasons of 
1942-43 and 1943-44. 

The total mortality (7 cases) was 6.3 per cent 
' or, if corrected as indicated in the text of the arti- 
cle, 4.5 per cent. 

Among the patients who recovered, the effec- 
tiveness of penicillin •vtos deemed to be definite in 
84.6 per cent (93 cases) and to be equivocal in 
9.1, per cent (10 cases). 

Bacteremia, which occurred in 40 of the pa- 
tients (36.3 per cent), was successfully eliminated 
in each case and this result constitutes one of the 


most striking effects of penicillin tlicrajy in 
pneumonia. 

With respect to dosage of penicillin, enqdinsi.s 
has been placed. on extension of trentnient over 
several days (3 to 5) depending on the d.ay of 
disease on which therapy is begun. 

Repetition of injections continuously tiirougii- 
out each 24 hours of trentnient has not, exccjit in 
seriously ill individuals, aiipcarcd necessary or 
advantageous. 

The total amounts of penicillin employed have 
ranged from 120,000 to 200,000 units in cases of 
moderate severity, and from 150,000 to 400,000 
units in serious cases, depending on the evidence 
of response noted in the first 24 to 48 hours of 
treatment. 

In 3 instances, infections caused by sulfonamide- 
fast pneumococci were effectively treated with 
penicillin. 

No toxic reactions referable to penicillin have 
been noted. 
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In a previous article (1), results were presented 
concerning the use of penicillin, injected intra- 
pleurally, in the treatment of pneumococcal em- 
pyema. The method of tr^tment, its effect on the 
clinical course of the disease, and the final out- 
come were described in 8 patients. In 7 of them, 
the infection was eradicated and the suppurative 
process cleared coihpletely without requiring more 
than repeated medical thoracenteses for drainage. 
In 1 patient, a child of 2 years of age, surgical 
drainage by rib resection was employed when a 
relapse of the infection occurred shortly after ces- 
sation of the first injections of penicillin. 

It is the purpose of the present article to supple- 
ment tlie previous report by adding the results ob- 
tained from 13 additional cases of pneumococcal 
empyema, which have been successfully treated in 
a similar manner. 

Pertinent features of the recent cases, hitherto 
unreported, will be described in the text of this 
article and, in addition, data from the total of 21 
cases will be consolidated and discussed on the 
basis of tlie larger experience. 

Patients used jar study. In 19 of the patients, 
the empyema occurred in a typical manner as a 
complication of lobar pneumonia. In tlie remain- 
ing 2, the historj' suggested that the empyema had 
developed from a bronchopleural fistula which 
occurred in association with an acute pneumonitis. 

Two of the patients had long-standing pulmo- 

' This investiKatlon was aided in part by tire GDn-.mis- 
sion on Pneumonia, Board for the Invcstiftation and Con- 
trol of Influcnra and Other Epidemic Diseases in the 
.■\rmy. Preventive Medicine Service, 0.*hce of the Sur- 
geon General, U. S. Army. 

- Tl'.e penicillin was provi'ied by the OtTice of Scientific 
Research and Development from supplies assifmed l.-y 
the Con-.nu’tee on itcdial Research for clinical investi- 
fratiw reci'mmendej by the Committee cn C-emoihena- 
j'Tutic and Ollmr .-Vyents cf che Kati'-na! Research 
Council. 


nary tuberculosis on which pneumonia and em- 
pyema were superimposed. 

Only 2 of the patients came under our observa- 
tion during the acute pneumonic phase of tlie in- 
fection. The remainder were transferred from 
other wards of Bellevue Hospital or elsewhere 
after the pneumonia had subsided and empyema 
had developed. The period in the infection at 
which penicillin tlierapy was first instituted TOried 
from the 4th to the 48th day. 

Neitlier intramuscular nor intravenous injec- 
tions of penicillin were used in the treatment ex- 
cept in tlie 2 patients who had acute pneumonia 
and bacteremia at the time of admission. After 
the initial phase of active pneumonia was con- 
trolled by intravenous injections of penicillin, 
subsequent treatment was limited to intrapleural 
injections. 

Selected data on the 21 patients are given in 
Table I. The patients who were described in a 
previous article (1) arc designated by P (IP, 
2P, 3P, lOP, IIP, 12P, 17P, and 19P). The re- 
cent cases are designated by numbers only (4, 5, 
6, 7, 8, 9, 13, 14, 15, 16, Is', 20, and 21). 

The discussions which follow center around the 
data presented in Table I. 

The ages of the patients ranged from 2 to 71 
years. Three of them, ages 2, 8, and 11 years, 
respectively, were treated on the Pediatric Serv- 
ice. The immediate response to treatment and 
the degree of ultimate clearing of the lesion were 
comparable in each of the age groups. 

With regard to sex, it m.ay be note'I from Table 
I that there were 16 males and 5 fem.alcs. Tlie 
preponderance of one .'ex .'uggests an iii'rre.'.'cd 
frequenev- of empyema among nrales alihou.-tii :.l! 
of tl’.e factors mig’r.t acermnt if-r tr.e ur.cvcr; 
f'ccurrcncc h.avc not been .anr.'yred. 

Among tlie sercUgiccl type: c; f r.eur-.: :r:ei rr- 
'Oonsiblc fer tr.e er:;:.”. cri’.r.', , T^re I iml'-;';:- f6 
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cases) were the most frequent. The incidence is 
in consonance with previous reports that empyema 
is found as a complication of Type I pneumococ- 
cus pneumonia more often than in connection with 
other types. 

In 14 (66 per cent) of the cases, pneumococci 
Types I to VIII, were found to be the causative 
agents. From the remaining 7 cases, pneumococci 
o'f the higher types ranging from Types XI to 
XX were identified. 

The figures listed in Table I under Day oj dis- 
ease (Pneumonia) refer to the interv'al between 
the onset of the primary pneumonia from which 
empyema developed and the first thoracentesis at 
which penicillin was introduced. The data as 
given serve to indicate the approximate duration 
of infection before local therapy was instituted. 

It may be noted from Table I that cases were 
first seen both early and late in the infection. 
However, there appeared to be no uniform rela- 
tionship between the degree of effectiveness of 
treatment and the duration of infection before 
therapy was instituted. The cases treated late re- 
sponded in a satisfactory manner and required no 
greater amount of treatment than early cases. 

Mode of treatment. The solutions of penicillin 
were prepared with isotonic salt solution usually 
in the ratio of 1000 units per ml. When the 
amount of exudate removed by aspiration was in- 
sufficient to permit the introduction of the proper 
quantity of the solution, the planned dose of peni- 
cillin units was maintained by decreasing the 
amount of physiological salt solution used as 
solvent. 

The 3 factors in the intrapleural therapy with 
penicillin which have received special considera- 
tion were the amount of penicillin per dose, fre- 
quency of injections, and duration of treatment. 

Individual dosages in different cases have varied 
from as little as 5,000 units in the earliest cases 
to 100,000 units in others. Without elaborating 
unnecessary details, it has been concluded that less 
than 20,000 units per dose is liable to be insuffi- 
cient and it was previously suggested (1) that 
30 000 to 40,000 units appeared satisfactory. 
More recently, other cases have received 50,000 
and 100,000 units per dose in the initial series of 
injections. The rate of clearing of the exudate 
and the speed of recuperation were not, however, 
significantly different from that of other cases 


receiving tlic lesser amounts that were rccnni- 
mended. Although tlie optimal dosage for indi- 
vidual cases may vary, in view of tin: fact, as juc- 
viously demonstrated (1), that pcnirillin is irri- 
tating locally in the pleural cavity, mmeecssarily 
large doses may contribute to the transient rc- 
accumulations of exudate and po.s.sibly delay final 
complete clearing without being more effective in 
eradicating the infection unles.s the extent of tlie 
pleural involvement is unusually large. 

With rc.spcct to the frequency of intrapleural 
injcctiojis, in the previous study it was found, 
among the patients tested, that penicillin re- 
mained active for at least 48 hours after the initial 
injection. It was concluded, therefore, that in 
cases of pneumococcal infection no demonstrable 
advantage was derived from repetitions of injec- 
tions oftener than on alternate days. 

The number of repetitions of injections consti- 
tuted the third factor in the therapeutic problem. 

In 2 patients (M. W. (6) and M. B. (IIP) of 
Table I) who had small cmpyemal pockets, only 
one injection was required, and in a third patient 
(A. Me. (IP) of Table I), 2 doses were found 
to be adequate. 

In the remaining 17 patients, the initial treat- 
ment consisted of 3 to 5 injections and in 11 of 
them, the first series of injections proved sufficient 
to effect complete eradication of the infection. In 
7 others, however, relapses of the infection oc- 
curred when treatment was suspended, as evi- 
denced by a return of organisms demonstrable in 
the pus and by a rise in fever. 

The significant immediate effect of penicillin in 
all of the patients was regularly evident by the 
fact that in samples of exudate removed on the 
day following the first injection, the pneumococci 
were represented by disintegrating forms seen in 
direct smears, and cultures of the pus were in 
most instances sterile. Similar bacteriological 
observations on the second day failed to reveal 
viable or cultivable organisms. 

However, the initial disappearance of pneumo- 
cocci from the free pleural exudate occurred as 
promptly in the 7 instances of relapse as it did in 
the 14 other patients in whom the first series of 
injections proved adequate. Consequently, the 
arbitrary selection of the point at which therapy 
could be suspended has remained on an empirical 
basis since no specific clinical findings in the pa-. 
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TABLE I 

Data on patients -with pneumococcal empyema treated by intrapleural injcclions of penicillin 


Patient 

•Age 

Sex 

Type oi 
pneumo- 
coccus 

Day 
. of 

disease 

(pneu- 

monia) 

Intrapleural penicillm 

Xo. of 
aspira- 
tions 

Days 
between 
1st and 
last aspi- 
ration 

Days in 
hospital 
(empyema) 

Relapses 

Xo. of 
injections 

Amount per 
dose, 1000‘s 

Total, 

lOOO’s 

A. Me. (IP) 

57 

M 

I 

33 

2 

40 

80 

5 

21 

42 

Xone 

J. D. (2P) 

58 

M 

I 

10 

3 

25 

75 

10 

42 

52 

None 

E. F. (.SP) 

11 

F’ 

1 

34 

3 

25 

75 

3 

13 

21 

X'one 

R. C. (4) 

.8 

M 

I 

48 

4 

30 

120 

6 

21 

See note 

None 

T. C. (5) 

45 

M 

I 

23 

93 

6 

30 

30-100 

470 

10 

21 

50 

1 

M. W. (6) 

50 

M 

1 

35 

1 

25 

25 

2 

7 

17 

Xone 

E. W. (7) 

49 

M 

II 

22 

43 

1 

30 

50 

140 

6 

14 

28 

Xone 

J.O'M. (8) 

45 

M 

II 

28 

7 

50 

350 

10 

44 

47 

1 

H. S. (9) 

59 

M 

II 

15 

74 

3 

50 

100 

500 

8 

18 

50 

1 

M. L. (lOP) 

42 

F 

V 

7 

93 

6 

5-10 

20-30 

155 

16 

44 

79 

3 

M. B. (IIP) 

33 

M 

V 

4 

1 

40 

40 

4 

19 

25 

X’one 

E. M. (12P) 

35 

M 

VIII 

15 

5 

15-25 

100 

8 

47 

62 

X'one 

(3 pockets) 

R. E. (13) 

37 

M 

VIII 

16 

3 

50 

150 

12 

32 

34 

None 

G.Q. (14) 

49 

M 

VIII 

12 

98 

1 

50 

100 

400 

11 

32 

42 

1 

R. M. (15) 

23 

F 

XI 

25 

5 

30 

150 ; Tbc. See cape ] 45 

; comment. j 

None 

L. T. (16) 

38 


j XV 

11 

(4 j 50 

200 ! 6 23 1 43 

None 

1 

M.J.dTP) 1 2|M 

1 XVI I IS 

! 3 1 5'I5 

30 3 ' Sur^rical ! 131 

C.B. dS) 1 22 

1 M 

i 

j XVIII 

6 1 4 1 50 

’ 1 

200 ’ Tl?c. Sec capo 54 None 

' comment. 

C. G. (19P) 

A. S. (20) 

' 27 

1 F j XIX 

45 

i 3 1 30 90 

3 ' 11 26 . 1 

' 50 1 M 

1 

! XIX 1 It 

3 j 30 

1 90 i 3 ■ 8 

33 

None 


iV 


1 ! 


50 


t)r labnminry I'xnniiiiatinns of tlu- exudate 
liave iiidicati'<l the liability uf recurreitee <it the 
iiiieetiiiu. I'urtlur ."tudie.' «i: tbi> jiniut are iinw 
in ]'r<'i^:e". 

\\ hr!l the rc.ajwe^ (Caurol. treatment waT; re- 
i:s::!t;!i-si iu (, tile patientv. X. t in:r,.n:entlv. 
a i.i'Ct: mm v.!:; i.; I'rm.,-;!’.;!; e. yun,! 

- • i\rn ,;,a.v ; , ^ iaieatf.;. Ir- 

• ; :! • '<.:i < { c d.-ev, d e *t;u-a'i! •' 


(limiIIi^hed in each instance a-- jirumjitly a-, it had 
dime alter the fir.-t serie> of injectinr:- t;:e 
return to treatment ic’hiv.inc I'ne Lr.-t rf'.at'-v re- 
^uIted in pemiaiient cure. 

Th.c (ccurrence cf 5 rela: -'- in < pati'a; 

I M. J,. ( 101’) fi; T.-.lde I ) v.r.-- ' ’ n-h, '• 

l>' th.e iu'um.-;! r;av f.f :! »• tarlv <0 - ]; :i: 

■;%-> a> c -m Vtt a' t" < ■ a-,. • ■ ■ 
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] 3 atients who were successfully treated in shorter 
periods of time. (X-ray photographs of the case 
were reproduced iu the previous article (1).) 

Among the 7 patients in whom recurrences nf 
the infection developed, viable pneumococci be- 
came demonstrable between the fourtli and sev- 
enth day after the last introduction of penicillin. 
The maintenance of sterility, therefore, as deter- 
mined by direct examination of pus and by cul- 
tures, for as long as 8 days after cessation of 
therapy, has, in the present series of cases, been 
found to be a reliable indication of the complete 
eradication of the infecting organisms. 

The data with respect to the number of rejjcated 
injections of penicillin that were eiujiloyed may 
be summarized as follows: Among the 14 jiatients 
who recovered following the initial treatment, 

2 received 1 injection of penicillin 

1 received 2 injections of penicillin 

4 received 3 injections of penicillin 

5 received 4 injections of penicillin 

2 received 5 injections of penicillin. 

Of the 7 patients who had relapses of the in- 
fection — excluding 2 that received only 5,000 units 
per dose at the beginning of treatment — among 
the remaining 5, 3 received an initial series of 3 
injections, and 2 received an initial series of 
4 injections. 

When the first period of therapy proved in- 
sufficient, the number of treatments that were 
subsequently employed ranged from 3 to 6 injec- 
tions according to subjective estimates of indi- 
vidual factors presented by different cases. 

Number of aspirations. The total number of 
aspirations listed in Table I refers to thoracenteses 
that were performed both during and after treat- 
ment. Each injection of penicillin was preceded 
by removal of as much exudate as possible. After 
penicillin therapy was discontinued, subsequent 
aspirations were carried out as indicated by the 
physical state of the patient and x-ray examina- 
tions of the chest. 

The number of post-therapeutic aspirations of 
the chest varied from none in 4 cases to a maxi- 
mum of 8 and 9. respectively, in 2 of the cases. 
The average for all the group ranged from 3 to 4. 

Time required to effect recovery. Because of 
the gradual nature of the resolution of the lesion, 
the selection of a period representing the termina- 


tion of the resolving jn-oee-s'- Ikd. proved ti, be 
unavoidably vague. Ilo\ve\'er. in order to g;du 
some information with respeet to the ilur.'ition of 
the illne.ss under penieillin ther.'ipy, the fir.-.t un- 
successful attemi>l at thoracerite.>i> w;is selected 
as niffst appropri.’itely indic.'iting the e.>^ential etul- 
poiiit and the interval.', betucen tlie first ami last 
succi'ssjul aspirations are listed iu Table I. Uti- 
lizing the figure.'' given iu the coliimu. the average 
duration of illness was found to he 2-1 days. 'I'he 
shortest periods were 7 and 8 days ( M. \\’. (fi) 
and .A. S. (20) of Table 1 ). The longest periods, 
44. 44. anrl 47 d;iys were required by 2 patients 
(J. O'Al. (Sj and M. 1,. ( lOP) of Table I) who 
had relapses of the infection and by one patir-nt 
(E. AI. (121*) of 'I’able I) who developed 3 
separate pochets. 

Among the patients who did not have relapses, 
the average time was approximately 19 days. 

There is also listed in 'I'able 1 the number of 
days that the patients remained in the ho.spital 
after treatment was instituted. Since the pa- 
tients were not infre(]uently hejn in the hospital 
for purposes of observation particularly with ref- 
erence to the rate of clearing and possibility of 
recurrence or the dcvelopmetit of ehronic empy- 
ema, the duration of their stay did not represent 
the period requiring hospital care. Even before 
the period of repeated aspirations ceased, they 
were ambulatory and were gaining weight. A 
low grade fever, 99° to 100° F.. and slight leuko- 
cytosis, 9,000 to 10,000 AAhB.C. per c.mm. were 
the chief general abnormal findings. 

The evolution of the local pleural lesion fol- 
lowed an interesting course. The discrepancy be- 
tween tbe relative slowness of the rate of dis- 
appearance of the exudate as contrasted with the 
rapidity of the sterilization of the pus bacterio- 
logicall)^ has been consistentlv observed. During 
the early stages of treatment, as previously noted, 
the rapid disintegration of the organisms and their 
disappearance constituted the most noticeable 
changes observed in samples of exudate obtained 
at daily intervals. During the later stages of the 
aspirations after the instillations of penicillin had 
ceased, the microscopical appearance of specimens 
of the exudate was characterized by a decrease 
in the number of leukoc 3 qes and changes in their 
morphology from the characteristic polymorpho- 
nuclear structure to swollen forms of disintegrat- 
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ing cells that stained poorly. Finally, there was 
almost complete absence of formed cellular ele- 
ments. During the latter period, the character of 
the exudate did not, however, usually change to 
thin serous material but remained, in most in- 
stances, thick even during the period in which 
the lesion was regressing and the pleural shadow 
as seen by x-ray examination was decreasing in 
size and lessening in density. 

Irrigation of the empyemal pockets with iso- 
tonic salt solution has been employed in an effort 
to hasten final clearing. In some instances, the 
procedure appeared to be advantageous and in 
others, the course was not significantly altered. 
In several of the patients, reaccummulations of 
exudate took place in the absence of any demon- 
stable bacteria and at a time when the general 
clinical condition of the patient was progressing 
in a satisfactoty manner. The extent, therefore, 
to which repeated aspirations promote the ulti- 
mate clearing of the lesion is not clearly estab- 
lished. In this connection, the course of patient 
R. E. (No. 13 in Table I), which is given in 
“Comments on Individual Cases,” is interesting 
to note. 

By repeated .x-ray examinations, both during 
hospitalization and after discharge, additional ob- 
servations have been made on the progressive 
changes in the disease process that have occurred 
after the accumulation of free fluid had ceased and 
until the maximal degree of clearing appeared to 
he cstabli.shed. 

Since the final outcome with rcsjject to the ana- 
tomical and ithysiological state of the affected side 
of the thorax is the most important factor in esti- 
mating the value of therajw cmifloyed. a redupli- 
cation of ]irc-treatment x-ray jjhotographs and 
also of the final e.xamination arc given for 7 of 
the recent series of 13 cases. (The 2 cases with 
tuberculosis arc excluded since the tubcrcuhtsis 
involvement which has ])ersistcd overshadows the 
other changes.) Similar photographs of 6 of the 
earlier cases were jiresented in tlie ]>revions article 

in. 

.•\n ex.amination of tlie p!'.oti.gra]i;i>; reveal> that 
tlie final status in uio.'t of the ca'c- cou-iNt' of a 
jvarti.il flattening of tlie convex con!o;;r of ihe 
diapln.-igiu an l the extrente I.Uer.-fl corner of tl-.e 
I'lenral ^jvu'e i- adherent. .\ ififl'n-c ti.ich-:;:;.;. 


of the whole area of pleural involvement is not 
generally evident, nor is there any decrease in the 
intercostal spaces of the affected side. 

On physical e.xaminations made at the time of 
the x-ray photographs, there was no appreciable 
limitation of expansion nor was deformity of the 
affected side noticeable. B}’ fluoroscopy, the dia- 
phragmatic e.xcursions of the side previously in- 
A'olved were found in some of the cases to he lim- 
ited but in none of them was the movement rigidly 
fixed. In a few instances, determinations of vital 
capacity were made and found to be normal. 

It may be concluded, therefore, that the treat- 
ment which was employed has permitted the lungs 
of the affected side to return to a functional level 
that is essentially normal and that anatomically 
the thorax of the affected side is left with an 
amount of residual fibrosis that appears by x-ray 
examination to be considerably less than the area 
of the original empyemal involvement. 

In a recent article, other investigators (2) have 
described the results which they obtained by the 
use of penicillin in acute empyema. In 7 of their 
cases, pneumococci were the causative bacteria, 
and streptococci of several varieties f hemolytic, 
non-hcmolytic, anaerobic, and micro-aerophilic) 
were respon.sible for the infections in the others. 
.Although a number of their jtatients rec(^vered 
completely in an uneventful fashion, they con- 
cluded that “aspiration alone often leaves a thick- 
ened pleura and a rigid chest wall with the conse- 
quent disabilities of reduced vital capacity, filim- 
sis. and risk of recurrent pulmonary infection." 

The j)atients descriijed in this article liave not 
exhibited the serious residual defect'- described 
above. Chronic empyema lias not deve!oi,ed atid 
convalescence has not been characterizeii by any 
of the debilitating effect-- of protracted, iiifection. 
It should be emphasized th.-d tiie jne-ent gron;) of 
cases has been limited to pneunae-i -.-cal if.fecti .;;- 
In a subsequent re-j^ort. o-jr experiee. v. it':; <rii- 
pyemata due to oti.er sptvi' - «.f j gl-.o-, - b-.. . 
teria will be jire-enie!. t: • diff''<',; 

tyjK-s of suppu.ra.tive pb ur!-y . dntf, :.; , i;-, r' ■ 
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Fig. 15. C.\se F. E. (21') O.ne Month After Le.wing the HosriT.si. * 

* X-rny jilintopraph of this figure was taken at the Home for DeiKH'lents. 
Welfare Island. X. Y., and is reprixluced throuch the courtesy of the authori- 
ties of the Hospital (Dr. Maxwell Lewis. Supt.l. 


taken iiitu account in forniulating tlie most favor- 
able therapeutic jireiccdurc with rc.spect to the ti.sc- 
fttlne.ss or limitations of penicilliti. TIic findings 
recorded in thi.s article sn^ocst that exudates 
(])neiimococcal) sterilired hy penicillin and con- 
tained withitt a cltised scrotis cavity jiresent cir- 
cumstances which are in many re.'pccts uniqtie. 

A tentative analysis of some of the sjtccial fac- 
tors may he ('utliiied as follows: Wlten th.e viable 
pnettmiK'oeci are de-troyedi by ]>cn:cil!in. tlte 
stimulu' for the migration nf letikoeytcs i- ei ;'.-;:l- 
erahly lessened an ! tlie nmainii;^ sterile e'.t: late 
yrailn.ally a---n:ne- an. ;'.ri.’:i:’ar r‘;r.:T;rt' Wi:’; 
th.e n.nnkel mh.:cti< n, ;;i h.n'.'vwti tl e rc 


process is. in part, deprived of one of it 
tant constituents ( jiroteolytic enzymes 
gross aiipearance <>1 th.e e.xudate acc 
changes only to a limited degree a' the 
of the lesion gradually progre-se-. 

Tlte soniev.h.at jirotracted rate ‘ f 
from the jdeural cavity apj-ar- to )'•' ' 
ui'on factors invo’vittg th.e d'-gri-- <■: < 
sure o; th.e e.'tndate in re'.al!'*;; to r 
htgii C‘ ttrentrati'.n of pnt'ir: t 

C.'iVitV. .Mtet.'-.ti' rl".’ 
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Finally, the limitations in the development of 
fibrous tissue at the site of the infection suggest 
that the stimuli for fibroblastic rejiroduction de- 
rived from sterile exudates of pneumococcal origin 
are restricted in degree by comparison with the 
effect of certain other infections that arc charac- 
terized by extensive local tissue necrosis. 

Specific experimental studies concerning the 
problems just mentioned are now in progress. 

COMMENTS ON INDIVIDUAL CASES 

Two of the patients have had suhsecinent attacks of 
lobar pneumonia due to pneumococci of a serological 
type different from tliat causing the initial pneumonia and 
empyema. The infection involved the same lobe as that 
of the first infection. Empyema did not develop. 

Case T. C. (No. 5 in Table I). The first attack which 
was complicated by empyema consisted of pneumonia 
and bacteremia due to pneumococcus, Type 1. The sec- 
ond attack of pneumonia occurred while the patient was 
still in the hospital in the latter , convalescent stages of 
empyema. There was a sudden rise in fever with tho- 
racic pain and rusty sputum. Pneumococcus, Type 111, 
was isolated from his sputum. No bacteremia was pres- 
ent. The response to intravenous injections of penicillin 
was prompt. There was no reaccumulation of pleural 
effusion, although the lobar involvement was the same 
in each attack. 

Case A. S. (No. 20 in Table I). The first attack of 
pneumonia with which empyema was associated was 
caused by pneumococcus, Type XIX. He was readmitted 
to the hospital 5 months later with pneumonia and bac- 
teremia, pneumococcus. Type I, and delirium tremens 
following an alcoholic spree. Recovery was satisfactory 
following intravenous penicillin therapy. No effusion 
developed in the affected side. 

A case svliicli later developed osteomyelitis 

Case R. C. (No. 4 in Table I). The patient was an 
S-year-old boy whose empyema was caused by pneumo- 
coccus, Type I. Just before the time for discharge from 
the hospital, he suddenly developed a high fever which 
proved to be due to osteomyelitis of the right femur. 
Pneumococci were not isolated from the blood or in- 
fected bone. The case had the usual characteristics of 
acute staphylococcal osteomyelitis. Surgical drainage and 
penicillin therapy were employed. There was no in- 
volvement of lungs or pleura. 

T^vo patients had pulmonary tuberculosis 

Case R. M. (No. IS in Table I). Female, age 23 years. 
Tuberculosis had been present for 9 years. There had 
been wide spread involvement of both lungs. Previous 
x-rays had revealed extensive calcification involving par- 
ticularly the right pleura, which was the site of the 
pneumococcal empyema. At the time she developed pneu- 


moni.a, ihc tnbcrculnsi'; was ucl! (■iintriJIcd .'tItho:!':ii it ": 
entirely inactive. 

In the treatment of her itneumoeoi'ca! cniineni.i, 
received .a total of .S injections of p-nicillin. ttn.y d'oc 
of 2.S.0(K) units ;ind 4 dosec of .iO.OiK) units.) I’n', unr-coi ri 
were not recovered from any of the samples of c.xir'.tte 
taken after the fir.st dose of [u-nicillin h.ad hrnx injected. 
The clinical coiir.sc of the ctnjiyema was not d,iffrrcnt 
from that of the other patients, e.xeep: tiiat a t'nin hiyer 
of serous effusion lias per.sisted from uliich tubercle 
Iiacilli have been rccoi'ered. Her .ireni-ral condition is 
considered to he jrood. 

Case C. /)’. (No. IS in 'fable I), t'olorcd, niale, am' 
12 year.';, 'fhe [laticnt ha.s had pulmonary tuhcrculo-is 
for 6 years. During the past 2 years, he lias Iicen treated 
with artificial pneuniothorax, repeatedly induced. 

Me ilevelriiied pneumonia at a time when pneuniotiiorax 
was present. Pyopneumotliorax ensued due to pneumo- 
coccus. Type X\'1II. 

Pneumococci have not been recovererl from ttie pleura! 
effusion at any time since the first injection of penicillin. 
He received 4 injections of penicillin of .^(>.('00 units each. 

'fhe pneumothorax persisted and the effusion continued 
to reform although its character gradually changed over 
a period of 6 weeks from thick, purulent material to a 
somewhat thinner sanguinous effusion. 

In view of the fact that the partially collapsed lubercu- 
lous lung was unable to exiiand. a thoracoplasty was i>er- 
formed 3 months after the pneumococcal empyema had 
subsided. 

A case complieated by marked arteriosclerosis ami senility 

Case F. E. (No. 21 in Table I). White, m.ale, age 71 
years. There was widespread arteriosclerosis and cere- 
bral degeneration. The patient was disoriented and 
uncooperative. 

His course ditl not differ from that of the others except 
that an intermittent fever persisted for IS days after treat- 
ment was stopped, ^^■hen he became afebrile he was 
transferred to another institution for custodial care. His 
final x-ray which shows almost complete clearing is 
presented. 

In hero cases the empyema teas assoeiafed soith a broncho- 
pleural fistula 

Case M. IV. (No. 6 in Table I). White, male, age 50 
years. Before admission, the patient had suffered from 
an acute respiratory infection for 5 weeks. Because of 
the concomitant occurrence of copious purulent sputum 
and a thick pleural effusion, he was considered to have 
had a bronchopleural fistula. On admission, he was not 
acutely ill, his temperature ranged from 99° to 100° F. 
and the broncho-pleural opening had sealed off as indi- 
cated by the absence of cough or sputum. 

A small pocket containing IS ml. of thick pus was 
found which containued Type I pneumococci. 

A single injection of 25,000 units of penicillin proved 
sufficient to eradicate the infection and on only one subse- 
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quent occasion could fluid be obtained by aspiration. The 
patient progressed to complete recovery. 

Case C. G. (No. 19P in Table I). White, female, age 
27 years. This patient was reported in detail in the 
former article (1). Her diagnosis was pyopneumothorax. 
Pneumococcus, Type XIX, and H. influensae were iso- 
lated from the pus. 

The pyothorax cleared following intrapleural .therapy 
with penicillin. However, the pneumothorax persisted 
and increased so that there was almost complete collapse 
of the right lung. She was discharged from the hospital 
afebrile and has been observed for the past year both 
on our Service and on the Chest Service of Bellevue 
Hospital. 

Her right lung has gradually expanded until it has 
reached the thoracic wall except at the site of a small 
circumscribed effusion. Because of the excellence of the 
patient’s general health no attempt has been made to aspi- 
rate the small effusion. 

A patient who left' the hospital while a large sterile 
pleural effusion -was still present 

Case R. E. (No. 13 jn Table I). Colored, male, age 
37 years. Intrapleural penicillin therapy was begun on 
the 16tli day following the beginning of pneumonia doe 
to pneumococcus. Type YIII. He received 50,000 units 
on each of 3 alternate days. Cultures were sterile after 
the first treatment. 

An interesting feature of this case was the reaccumola- 
tion of large amounts of sterile pus. On 8 occasions after 
treatment was discontinued, amounts of exudate ranging 
from 250 to 375 ml, were drained off by thoracentesis. 

His general health was veo’'good during the latter 
period, he was ambulatorj-, and gained 10 lbs. in weight 
• in 3 weeks. 

He left the "hospital against advice on the 34th hospital 
day while an effusion of considerable size was still pres- 
ent. He was seen subsequently 6 months after discharge,. 
According to his history, he had resumed work as a 
janitor a few days after going home and had worked 
continuously. 

An x-ray taken after the 6 months' inten-al (sec x-ray) 
showed limited lateral thickening of the pleura without 
any residue of effusion being present. 

In retrospect, the satisfactory course whicli this pa- 
tient pursued brings into question the advantages that 
may Ik derived from repetitions of the aspirations after 
sterilization has been accomplished. 

SUM-M.^RY 

The results obtained in the treatment of 21 
' rases of pneumococcal empyema by intrapleural 
injection of pcmcillin may be summarized as 
follow.s : 

Twenty of the rasc.s recovered without evidence 
of re.stdu.il ch.romc infectinn or thoracic deformity 
or a ilctectaii'.c reuttetton in j'U'n'.''r:.irv iunctiou. 


In 14 of them, a single series of local injec- 
tions ranging from 1 to 5 doses given on alternate 
days proved sufficient. 

In 7, relapses occurred when the initial course 
of treatment was suspended. 

The reinstitution of local treatment with peni- 
cillin resulted in permanent clearing of tlie infec- 
tion in 6 of the cases with recurrence. 

Although the recurrences protracted the dura- 
tion of the illness, tlie completeness of ultimate 
recovery was not impaired. The single unsuccess- 
ful case was a cliild of 2 years of age who was 
operated upon when the earl}' treatment was 
followed by a relapse. 

Two patients had low-grade active pulmonar}' 
tuberculosis of long standing on which pneumonia 
and empyema were superimposed. The pneumo- 
coccal infection of the pleura responded to the 
treatment in a manner similar to the otiicr pa- 
tients but the tuberculous infection remained 
unimproved. . ♦ 

The patients as a group have been followed in 
most instances for several months after discharge 
from the hospital. The clearing of the sterile 
deposits of exudation on the pleural surface.^, as 
determined by tlie x-ray examinations, required 
from 3 to 9 weeks. However, the period during 
which it was possible to obtain free fluid by aspi- 
ration was considerably shorter. Adopting as a 
measure of tiic duration of disease under peni- 
cillin therapy, the interval between the first and 
last successful tlioraccntcscs, the average lime 
was 24 days. 

The general health of the patients during the 
post-therapcutic period of resolution wa.s .cati^fac- 
torv', Tlie usual manifestations of .suppuranr-n 
improved considerably in advance of ti;c ac!’.:a! 
disappearance of the sterilized omdatc. 

The ultimate outcome has been cbar.acler!,’'r(’ 
by tile return of tlie afTcctcr! side to estr-.-gi.-.ny 
norm.al functional slate. The rcri'itta! araf -a: .'.1 
abnormalitira, as i^u^tr.-te'<i by the aec' :n: '.:.y;;:;' 
x-ray pbotograrib.s, indicate-. t!;r lirnit'-! <•; 

pleura! tli!cl:ening which has rcn'.r.inr-i. 

The meth'vl of trcntm'n: h.a*:. ; r t; ::: t : 't. 
con-iite"! c; injectif 2: /'*- t ■ c ‘ ‘ i 
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have been varied from the prescribed course ac- 
cording to special circumstances presented by 
individual cases with respect to extent of the 
involvement and the general condition of the 
patient. 

Special factors that appear to be involved in 
the process of recovery have been discussed. 

Two of the patients in the Pediatric age group (Pa- 
tients E. F. (3P) and M. J. (17P) of Tabic I) were 
treated with the permission of Dr. James Wilson, Di- 
rector of the Pediatric Sendee of Bellevue Hospit.al. 
The third pediatric patient (Patient R. C. (4) of Table 
I) was treated with the permission of Dr. C. W. Lester 


and Dr. Fcnwicl: Bcchman, Chief of the Surgical Pedi- 
atric Service of Bellevue llorpltal. 

Data with regard to the {irc- and po'.t-cinpyciiia cotir-e 
of the 2 patients with tuhcrculords arc prcscntcfl with 
the permission of Dr. J. B. Arnberson, Director of the 
Chest Service of Bellevue Hospital. 
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INTRODUCTION 

In 1922, it was reported that histamine, re- 
peatedly injected subcutaneously into rats for 
several days, produced little or no effect on me- 
tabolism (1). Tests were not made immediately 
after the subcutaneous injection, the earliest being 
1% hours after the injection of 20 mgm. Only in 
large doses was there a slight change in metabo- 
"^lism. On the basis of experiments, it was con- 
, eluded that histamine does not belong to that 
group of substances which plays a major role in 
; hietabolic processes. 

, In 1928, it was found that a 1 per cent solution 
of histamine injected subcutaneously in human 
subjects obtained an 8 to 15 per cent increase in 
basal oxygen consumption (2). 

In 1928, Lvo investigators (3), working with 
dogs, noted a marked elevation in basal metabo- 
lism after subcutaneous injection of 15 to 30 mgm. 
of histamine. 

Also, in 1929, it was found that after subcu- 
taneous injection of 0.4 to 0.7 mgm. of histamine 
phosphate into a trained person, a small elevation 
of metabolism was obsen-ed, on an average of 7 
per cent (4). 

In 1934, two workers (5) gave 1 mgm. of his- 
tamine- subcutaneously to each of 17 human sub- 
jects. Eleven showed a considerable decrease in 
basal metabolic rate, while 6 were witliin limits of 
error. Tlicy explained their work on the basis of 
stimulation of the parasj-mpathetic nen-ous svs- 
tem and paralysis of tlic sympathetic system. ' It 
should be noted that the metabolic measurements 
were made some time after the injection. 

In 1932, the effect of histamine administered 
intravenously on the basal metalwlism of Iiuman 


> Since tins p.npfr wr.s written Dr. Peters his entered 
tlie .armtxl forces .inj is row Fi.-st Lieutenant, 

Corps, .nnny cf the Unite-.] States. 


subjects was reported (6). An elevation in basal 
metabolism was obtained as high as 50 per cent in 
some cases. Considerable variation was shown in 
degree of elevation of metabolism with similar 
rates of injection. As far as we know, these in- 
vestigators were the first to determine the effect 
of histamine on basal metabolism using the drug 
intravenously. 

During clinical investigations at the Mayo 
Clinic, the occasion arose to investigate the effect 
on metabolism of histamine administered intra- 
venously. The results of our studies are consist- 
ent with the observations of the latter group of 
workers (6). 

PROCEDURE 

Two sets of experiments were performed. In both sets, 
the basal metabolic rate was determined before the ad- 
ministration of histamine but in Group I the metaliolic 
rate was not determined again until after the completion 
of the injection; while in Group II, the metabolic rate was 
determined during the injection. 

Group I. Twenty-three subjects were studied by the 
Tissot method. Thirteen were men and ranged in age 
from 22 to 60 years, the average age I>cing 50 years. Ten 
were women and ranged in age from 26 to 64 scars, v.iih 
an average age of 44 years. Such diagnoses as internal 
squint, allergic arthritis, headadic, angioneurotic c-lem.i. 
postural vertigo, arteriovenous fistula, tinnitus, P.ir!::n- 
son’s disease, Meniere's disease, ciironic nc.-vous cxl-iu-- 
tion, torticollis, chronic infectious arthritis, multiple sclero- 
sis and cyclic edema liad been made. The met.'.ln'lic rate 
was determined before and after the int.-avcr.'U' r.dunr '- 
tration of histamine. .-Ml subjects studiee! luid Ic-n v. 
oat food for 15 or more hours. Of the 23 su' ^-et-, lo 
showed an increase in mctalxjlic rate cf from - I r-: t 
to -r25 per cent. 5 shov.cd a dccrcc’e cf fr.m - I 
cent to — 6 per cent and 2 did not sl.e-.e any clu.-.'- it 
appeared lilrcly tliat a cemside.-aMe arr. u-t fi ~ '• 

of histamine was being mii'ed by -.■.ait:.-,'- •..—t;l t - c "• 
pletion cf t!:e injection. Therefor.-, a i-e ' 1 rr ' ' ' 

jects was st-udiei] by r. diuererrt prec-d.-'e 

Grru! II. Elesen su'ject' s.-re it;;!': ’ ■ r-:-' ' t 

modified Pene-firt-Ketii a;;cratu<. Ur. r ! '■' ' ’ ' 

v.-cmen and 6 v. ere men. Trie : -rr-e re --■'•I i" e. - t; '' 


611 


612 


GUSTAVUS A. PETERS, BAYARD T. HORTON, AND WALTER M. BOOTHBV 


18 to 34 years, with an average of 27 years, and tlie lat- 
ter ranged in age from 31 to 59 years, with an average of 
38 years. The metabolic rate of these subjects was deter- 
mined before, in the course of, and after the intravenous 
injection of, histamine. They had such diagnoses as 
Meniere’s disease, headache, chronic nervous exhaustion, 
purpura or urticaria, or were normal subjects. The pro- 
cedure for this group was to allow the fasting subject to 
rest quietly in bed for 20 to 30 minutes. Then the basal 
rate was determined. The oxygen mask was then re- 
moved, and the subject was allowed to rest for 10 min- 
utes. Then, after a subcutaneous injection of 1 per cent 
solution of procaine hydrochloride over an antecubital 
vein, an intravenous injection of physiologic saline solu- 
tion at rates varying from 60 to 240 drops per minute was 
begun, and the metabolic rate was determined again. 
After this, a 1 : 250,000 solution of histamine diphosphate 
was substituted for the saline solution, and rates of in- 
jection, usually 4 varying from 0.0066 to 0.0528 mgm. of 
histamine base per minute, were used. During and after 
each increment in rate of injection, a determination of 
oxygen consumption was made. A rest period of 10 min- 
utes with the mask off was allowed between changes of 
injection rate and before a final basal metabolic rate was 
determined at the conclusion of the experiment. 

As a comparative study, a 1 : 1,000,000 dilution of epi- 
nephrine and physiologic saline solution alone were in- 
jected intravenously in a similar fashion as the histamine 
solution, and the effect on the metabolic rate was observed. 

Five subjects were studied under absolutely controlled 
. environmental conditions. The subjects were in a tem- 
perature of 78° F. and a relative humidity of 40 per cent. 
The oxygen content of the blood from the antecubital 


vein was determined before and during the height of the 
administration of histamine. 

RESULTS 

The results of this study are suuntiarizcfl in Ta- 
bles I to IV. Ill Table I, it is easily observed that 
increasing amounts of histamine administered iti- 
travcnously produced a corresi)()nding rise in con- 
sumption of oxygen and in the vetitilation rate. 
Additional control observations with saline solu- 
tion were made on the 11 subjects of Group TI, 
showing that no increase in metabolic rate took 
place with saline solution, though consistent in- 
crease was produced by histamine given during 
subsequent periods to the same subjects (Table 
I). Also histamine produced a rise in cardiac 
rate and a lowering of the blood pressure. The 
effect on the metabolic rate, however, was soon 
dissipated after discontinuance of administration 
of the drug. It is interesting to note that with 
each doubling of the dose of histamine, the meta- 
bolic rate increased approximately twice its former 
value. At 30 drops per minute, the basal meta- 
bolic rate was 4 per cent, at 60 drops it was 14 
per cent, at 120 drops it was 29 per cent, and at 
240 drops it was 58 per cent. 

Table 11 shows the results obtained with a 
1 : 1,000,000 solution of epinephrine. This solu- 


TABLE I 


Effect of histamine on basal metabolism {mean results in eleven cases) 


Procedure 

1 

Oxygen consumption 

Ventilation 

rate 

Pulse 

rate 

Blood pressure 

Increase 

in 

B.M.R. 

Systolic 

Diastolic 

Basal 

total ml, per 
minute 

236.5 

ml, per square 

meter per minute 

126.2 

liters per 
minute 

6.36 

66 

114 

73 

per cent 

Saline solution, 60 to 240 drops per 
minute 

229.0 

123.4 

6.18 

62 

114 

75 


Histamine 

30 drops (0.006 mgm.) per 
minute 

243.0 

129.7 

6.78 

1 

69 

108 

71 

4 

60 drops (0.012 mgm.) per 
minute 

266.0 

142.2 

7.16 

82 

108 

67 

14 

120 drops (0.024 mgm.) per 
minute 

300.2 

160.0 

8.02 

98 

1 

100 

60 

1 

29 

240 drops (0.048 mgm.) per 
minute 

367.8 

198.0 

8.92 

116 

1 

93 

51 

58 

Ten minutes after histamine 

234.8 

125.5 

1 6.21 

61 

1 

116 

77 
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TABLE II 

Effect of epinephrine {hi, 000, 000) on basal metabolism {1 case) 


Procedure 

Oxj'gen consumption 

1 

1 

Ventilation 
rate 1 

1 

Pulse 
rate | 

Blood pressure j 

Increase 

in 

B.M.R. 

S>’stolic 

! 

Diastolic : 

Basal 

total ml. i>cT 
minute 

204.4 

ml. -per square 
meter per minute 

112 

liters per 
minute 

5.11 

56 

104 

72 

Per cent 

SaUnesolution,240dropsperminute 

193.6 

106 

4.93 

1 

56 

106 

74 


Epinephrine 

30 drops per minute 

200.8 

110 

5.20 

66 

103 

68 

0 

60 drops per minute 

208.0 

114 

5.92 

68 

116 

76 

4 

120 drops per minute 

222.3 

121 

7.00 

1 

74 

■ 118 

74 

12 

240 drops per minute 

222.3 

121 

8.07 

84 

156 

94 

12 

Ten minutes after epinephrine 

211.6 

116 

5.92 

64 

116 

78 

t 



TABLE III 

Effect of physiologic saline solution on basal metabolism {1 case) 


Procedure 


Ventilation 

1 

Pulse 

Blood pressure 



rate 

rate 

Systolic 

Dbslolic 

Basal 

total ml. Per 
minute 

201.3 


liters per 
minute 

5.04 

so 

106 

72 

Saline solution 

7 drops per minute 

204.9 

112.0 

5.13 

52 

104 

74 

30 drops per minute 

169.6 

92.7 

4.95 

SO 

114 

74 

60 drops per minute 

190.3 

104.0 

5.30 

50 

114 

74 

120 drops per minute 

183.0 

100.0 i 

5.30 

50 

110 


240 drops per minute 

183.0 

100.0 

5.48 

48 

112 

SB 

Ten minutes after saline solution 

208.6 

114.0 

3.80 

48 

112 

80 


Avcr.if;c 


Increase in oxygen content of venous blood during histamine administration* 


Case 

Histamine 

Before histamine 

1 After histamine 

1 

Capacity 

in 

Ox>*Ken 

content 

Saturation 

Ox>‘gen 

content 

Saturation 

1 

drops per minute] 
120 

ro.'«r:/j per eerJ 

n.4 

Per cent 

57 

xriumes per eerJi 

16.7 

pn cent 

84 

X'ilur-.fS per cert 
20.0 

fr* cf'S 

27 

2 

160 

11.5 

60 

18.2 

94.3 

! 19.3 

1 

3*. 

3 

120 

14.1 

69 

16.0 


20.3 1 K' 

•t 

20 to oO 

13.1 

62 

16.9 


22.S j 17 

S 

20 to.30 

13.1 

60 ! 

18.0 

88 

20.4 i V. 




* r 

? 






































































































































614 


GUSTAVUS A. PETERS, BAYARD T. HORTON, AND WALTER jM. BOOTIIBY 


tioh produced only a slight rise in oxygen con- did not produce any increase of oxygen consutnp- 
sumption or an elevation of the basal metabolic tion. 

rate of 12 per cent. The ventilation rate, cardiac As shown in Table IV, there was an average 
rate, and blood pressure, however, were consider- increase in oxygen saturation of the blond from 
ably elevated. The effect of the epinephrine the antecubital veins of 21 per cent. Tlie percent- 
seemed to be more prolonged than that of the age of increase ranged from 10 to 34. Tiie blood 
histamine after the intravenous injection was dis- in each case was witlidrawn under oil without the 
continued. use of a tourniquet, and the determinations of 

Table III shows the effect of physiologic saline ox3'gen were made by the Van Slykc gasometric 
solution given in the same way as the solutions of method. Each subject had been lying in a hori- 
histamine and of epinephrine. The saline solution zontal position, at rest, for at least 40 minutes. 


ACCUMULATIVE EFFECT OF HISTAMINE ON OXYGEN CONSUMPTION 



mayo CLINIC Il;l8 . 6 A.PETERS. B.T HORTON AND W.M.BOOTHBY 


Fig. 1. Metabouc Kymographic Record of 1 of the Subjects, Showing the Effect of Histamine on Metabousm 
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before the specimens of blood were -withdrawn. 
The gross appearance of the blood in the veins 
was observed to be redder and more arterial at 
the height of the injection of histamine than be- 
fore injection. 

Figure 1 reproduces an actual record of a nor- 
mal subject, aged 26 years, taken from the Bene- 
dict-Roth machine. The kymographic tracing 
shows the increase in the metabolic rate of from 
0 per cent to + 19 per cent. It illustrates well 
the effect on the respiratory rate and how quickly 
the effect of histamine on oxygen consumption is 
produced and lost. One subject, a man, aged 59 
years, showed a rise in metabolic rate of from 
— 14 per cent to + 96 per cent. These 2 sub- 
jects represent the extremes in low and high re- 
sponse to histamine respectively. The other sub- 
jects were intermediate in their response to hista- 
mine. With the same rates of injection, con- 
siderable variation of the degree of elevated me- 
tabolism was shown by the subjects. 

COMMENT 

The basal metabolic rate is a measure of the 
oxygen consumption for each square meter of 
body surface ; it has been shown to be a measure 
of heat production. Any substance which brings 
about an increase of peripheral circulation might 
cause a greater loss of heat from the body and 
thus elevate the metabolic rate. 

In man, histamine dilates the arterioles and 
capillaries, and it also causes an increase in capil- 
lary permeability. In general, it acts as a secreta- 
gogue, particularly to the gastric mucosa. Both 
actions, no doubt, require the e.xpcnditure of en- 
ergy and may play a part in the increased oxygen 
consumption. The peripheral vasodilatation re- 
sulting from the intravenous administration of his- 
tamine is not uniform throughout the human body. 
Because of the ^•asomotor gradient, as it c,xists in 
man, vasodilatation occurs promptly in the face 
and neck in most subjects. Wicn the histamine 
is administered at increased rates, a gradually in- 
creasing ^•asodilatation spreads over the thorax, 
abdomen, and upper extremities, and it may even 
.''xtend to the lower extremities. This r-asodilata- 
tion is inclined to be splotchy in its distribution, 
cspKially over the tliorax, .abdomen, and upper 
extremities. This is more marked in blonds and 
rcdlicads than in brunets. 


We realize that kjTOographic records obtained 
with the closed circuit metabolism apparatus 
(Benedict-Roth) are subject to errors, and it is 
possible to explain the apparent increase in oxygen 
consumption on the basis of alterations in the tidal 
air. For example, as the fvmctional residual air is 
gradually expelled during increased respiration, 
the graph would naturally indicate an increase in 
oxygen consumption, whereas no actual increase 
had taken place. To rule out such errors, the 
same subject, in several instances, was studied for 
3 or more hours on 3 to 4 successive days, and no 
alterations in tidal air could be demonstrated as a 
possible explanation for increased ox3-gen con- 
sumption. Furthermore, such an explanation 
could not account for tlie increased oxj-gen con- 
sumption, as measured by the Tissot method. 

CONCLUSIONS 

Histamine has been shown to increase oxygen 
consumption during intravenous injection, and 
the increase as measured is roughly proportional 
to the rate at which histamine is given in one 
series. This effect ceases soon after administra- 
tion is stopped, thus differing from the effect of 
such “calorigenic” substances as thyroxine. Fur- 
ther studj' is needed to determine the reason for 
this increased oxj^gen consumption. 
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Hepatic function in chronic relapsing malaria 
:aused by Plasmodium vivax and treated princi- 
pally by atabrine has been investigated at Plarmon 
General Hospital in 317 soldiers. This study 
seemed advisable because of previous reports that 
impairment of liver function may occur in both 
naturally-acquired (1 to 3) and induced malaria 
(4). Several types of tests were performed on 
our patients both during recurrent attacks and at 
various intervals afterwards. Most of these same 
tests were also performed on healthy individuals 
to determine whether in our laboratory the meth- 
ods gave normal ranges of values corresponding 
to those found in the literature. This made it pos- 
sible to compare the findings in our patients with 
those of our healthy control series, as well as with 
the results of other investigators. 

The liver function tests used may be grouped 
roughly into 3 categories: (c) those in which 
hepatic dysfunction is suspected when abnormal 
values are found — bromsulfalein, cephalin floccu- 
lation, galactose tolerance and hippuric acid tests ; 
(h) those in which an abnormal value may be as- 
sociated with increased red blood cell destruction 
and/or hepatic dysfunction — ^icterus index, serum 
bilirubin concentration, and urine urobilinogen 
concentration; and (c) quantitative determina- 
tions of some constituents of blood serum occa- 
sionally found to yield abnormal results in persons 
with hepatic disease — albumin, globulin, total pro- 
tein, cholesterol and phosphatase. 

METHODS 

1. Bromsulfalein (5) : The amount of dye injected in- 
travenously was 5 mgm. per kgm. of body weight. The 
permanent standards used were supplied by Hynson, 
Westcott and Dunning. Since the standards were pre- 
pared for the 2 mgm. test, the calculations were made by 
dividing the readings obtained by 2.5. 

1 Patients studied were infected in South Pacific area. 

- Lieutenant Colonel, MC, A.U.S. 

® Captain, SnC, A.U.S. 

^ Major, MC, A.U.S. 

® Colonel, MC, A.U.S. 


2. Ccphallit flocculation test (6, 7) : The ccplmlin- 
cholcstcrol antigens were obtained from the Difeo Com- 
pany (Digestive Ferments Company) of Detroit, Michi- 
gan, and from the Wilson Laboratories of Chicago, Illi- 
nois. The lest was performed according to Hanger’s 
method with the exception that most of the tests were kept 
in the dark since recently liglit has been reported as afTect- 
ing the results (8). 

3. Galactose tolerance test: Forty grams of galactose 
were given by mouth to fasting subjects. The amount of 
sugar excreted in the urine during tlie next 5 hours was 
determined by Benedict's quantitative mctiiod using a 
solution which had been standardized against galactose. 
The results were reported as galactose, 

4. Intravenous hippuric acid test (9) : Sodium benzoate 
(1.77 grams) was injected intravenously, and the urinary 
excretion of hippuric acid for a period of 1 hour was de- 
termined. The hippuric acid was salted out of the acidi- 
fied urine with ammonium sulfate (0.5 gram per ml.) at 
20° C. for 1 hour. The precipitate was filtered with 
suction and was washed with three S ml. portions of ice- 
cold water. In the calculation of the results, correction 
for the solubility of hippuric acid was made by adding 
0.1 gram per 100 ml. of urine to the weight of precipitate 
obtained. 

5. Icterus index: The color of the serum was com- 
pared with those of standard potassium dichromate solu- 
tions in 75 X 12 mm. test tubes. The serum was then 
diluted 1 : 2 and 1 : 3 with normal physiological saline, and 
the colors of these dilutions were matched with the stand- 
ards as checks on the original value obtained. With an 
occasional serum, poor checks were obtained with the 2 
dilutions, and in such a case the serum was diluted fur- 
ther until consistent values were obtained. 

6. Serum bilirubin: The method used was the Thann- 
hauser-Andersen modification (10) of the Van den Bergh 
test. The permanent cobalt sulfate standards of McNee 
and Keefer were used (11). 

7. Urine urobilinogen: A modification of the Wallace 
and Diamond (12) serial dilution method was used on 
fresh morning specimens. The reagent was prepared by 
dissolving O.IS gram paradimethylaminobenzaldehyde in 
100 ml, of 20 per cent hydrochloric acid. Tests were 
routinely performed on a 1 : 5 dilution. Urine specimens 
yielding positive tests in this dilution were diluted fur- 
ther and tested again. The highest dilution in which a 
positive test was obtained was recorded. 

8. Sertmi albitmin and globulin: The method of Minot 
and Keller (13) was used. 

9. Serum cholesterol: The method of Forbes (14) was 
used. 
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10. Senim phosphatase: The method of Bodansky (15) 
was used. The final phosphorus determinations were 
made by the method of Fiske and Subbarow (16). 

RESULTS 

Bromsiiljalein test: Control tests were run on 
100 normal healthy subjects (Table I). At 45 
minutes, 44 per cent of the individuals showed no 
retention of dyestuff, while 55 per cent showed 

TABLE I 


Results of bromsulfalein tests at 45 minutes using 5 mgm. per 
kilogram body weight 


Dye 

retention 

too "Nor- 
mal” controls 

49 Patients 
on second 
or third day 
of attack 

97 Patients 
on sixth or 
seventh day 
of attack 

149 aien 
following 
recurrent 
attacks 

per cent 

per cent 

per cent 

Per cent 

per cent 

0 

44 

53 

69 

60 

2 

41 

27 

29 

24 

4 

14 ! 

16 

1 

13 

6 

1 




8 


2 


3 

10 



1 


12 


2 




2 or 4 per cent retention. One man, who was 
presumably a healthy individual, had 6 per cent 
retention. It was reported recently (17) that 
with 5 mgm. of dye, there was no retention at 45 
minutes, while others (5) accept up to 6 per cent 
retention at 60 minutes as noiinal. It was con- 
cluded that, under our conditions of testing, as 
much as 4 per cent retention at 45 minutes was 
to be considered normal. 

During 49 recurrent attacks of malaria, the 
bromsulfalein test was done on the second or third 
day of the attack and repeated 3 or 4 days later. 
On the second and third days, 96 per cent of the 
results fell within the normal range. One man 
had S per cent retention and another had 12 per 
cent retention, but 3 or 4 days later both were 
normal. Ninety-seven patients (including the 49 
who had been tested on the second or third day) 
were studied on the sixth or seventh day of an 
attack; the results were all normal at 45 minutes 
with the exception of that of 1 man in whom there 
was 10 per cent retention. Tests were performed 
on 149 men at inten-nis of from 2 to 44 weeks 
nucr recurrent attacks of malaria. Of th.ese men, 
45 iiad h.aii norm.al findings when prcviouslv tested 
from the second to the seventh days from the 
start Oi .an .att.ack and again sh.owed normal results 


following attacks. Of the remaining 104 men, 
there were 4 who had 8 per cent retention at 45 
minutes. Therefore, with reference to our con- 
trol figures, only 4 per cent of tlie patients had 
abnormal values on the second or tliird days of 
an attack, 1 per cent on the sixth or seventh days 
of an attack, and 3 per cent after an attack. The 
total number of abnormal results by the bromsul- 
falein test, either during or after an attack w'as 7, 
or 2.4 per cent of 295 tests. 

Cephalin flocculation test: Duplicate tests were 
performed with each serum using the Difeo and 
Wilson antigens. Sera were obtained on the first 
5 days during 42 recurrent attacks of malaria 
(Table II). With the Difeo antigen, 82 per cent 
of the tests were positive, and each of the 42 pa- 
tients had at least 1 positive test during tlie 5-day 
period. With the Wilson antigen, 21 per cent of 
the tests were positive, and in only 50 per cent of 
tlie 42 patients was a positive test obtained during 
the 5 days. 

TABLE n 

Cephalin flacciilalion tests for five consecutive days during 
42 recurrent attacks of malaria {comparing Difeo and 
Wilson antigens on same sera) 

Difeo andgen 


Day 

0 

1 + 

2-f 

3-f 

•1+ 

First 

12 

3 

7 

14 

6 

Second 

6 

4 

8 

10 

14 

Third 

5 

5 

5 

13 

14 

Fourth 

8 

6 

8 

8 

12 

Fifth 

6 

6 

6 

12 

12 

Total 

37 

24 

34 

57 

58 


Wilson andgen 


Day 

0 

1 + 

2 + 

3 + 

A-h 

First 

38 

1 

0 

2 

1 

Second 

30 

4 

0 

7 

1 

Third 

33 

2 

1 

5 

1 

Fourth 

35 

1 

1 

2 

3 

Fifth 

30 

1 

3 

5 

3 

Total 

166 

1 

9 

5 

21 

9 


In duplicate tests on the sera of 2i>r men, 2 to 
44 weeks following recurrent attacks of nnlaria. 
Tabic III shows that with th.e Difeo antigen 20 per 
cent of the tests were positive, and wilii tise Wil- 
son antigen 5 per cent were positive. lilarh of the 
latter -sera also gave positive results with the 
Difeo antigen. Of th.c 41 men giving ir.c po-iuve 
tests with th.e Difeo antigen. 24 were .-.•.•ail.-.hle ter 
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another test 5 weeks later without an intervening 
attack of malaria. At that time, tests of 10 of 
the sera were still positive. This group of 24 
men included the . 10 men wlio had given positive 
tests with the Wilson antigen and on re-testing 5 
weeks later, without an intervening attack of 
malaria, only 2 remained positive. 


TABLE m 

Results of cephalm flocculation tests in 204 patients following 
recurrent attacks of malaria 


Flocculation 

. 0 

1 + 

2 + 

3 + 

4 + 

Difeo antigen 

163 

4 

8 

16 

13 

Wilson antigen 

194 

0 

0 

7 

3 


These results with duplicate tests, using the 
Difeo and Wilson antigens, show that there is a 
substantial difference in the sensitivity of the two 
antigens. There is also a marked difference in 
results between the number of positive tests dur- 
ing the attacks and following the attacks when 
the results with the same antigen are compared. 
In spite of the difference in sensitivity between 
the 2 antigens, it is apparent that the disturbance 
producing the greater number of positive tests 
du'ring attacks is of a transient character. 

Galactose tolerance test: The galactose toler- 
ance test was performed on 207 men from 4 to 
52 weeks after an attack of malaria (Table IV). 
Only 7, or 3 per cent, of the men excreted over 
the accepted normal amount of 3 grams of galac- 
tose in 5 hours. The average excretion for the 
entire group at hourly intervals was as follows: 
first hour, 0.80 gram; second hour, 0.3S gram; 
third hour, 0.08 gram; fourth hour, 0.05 gram; 
and fifth hour, 0.02 gram. 


TABLE IV 

Galactose tolerance tests in 207 men following recurrent 
attacks of malaria 


Number in group 
18 
77 
42 
34 
29 
5 
2 


Grams of galactose e.'ccreted 
in five hours 

0.0 
0.1 -0.9 
1.0 -1.5 
1.51-2.0 

2.01- 3.0 

3.01- 4.0 

4.01- 5.0 


Intravenous hippuric acid test: The intravenous 
hippuric acid test using 1.77 grams of sodium ben- 
zoate was performed on 26 normal individuals 
and on 56 men following recurrent attacks of 


malaria (Tabic V). According tn Oiiicl: (9). 1 
gram or more of hippuric acid i.s c.vcrctcd in I 
hour by a normal person. Certain workers (IS) 
have pointed out that the amount of hippuric acid 
excreted bears a relationship to body ivcight. In 
their scries of 46 norjual individuals, they obtained 
values as low as 0.65 gram, and 9 per cent of their 
nonnal individuals excreted less than 0.90 gram. 
In our smaller scries of 26 normals, 11 per cent 
excreted less than 0.90 gram. In our 56 men fol- 
lowing attacks of malaria, 23 per cent excreted 
less than 0.90 gram. 


TABLE V 


Intravenous hippuric acid test {reported as hippuric acid) 


26 Normal healthy 
controls 

56 Men follmving attacks 
of malaria 

Num- 

Grams hip- 

Per cent 

Num- 

Grams liip- ! 

Per cent 

ber 

puric acid 

of group 

her 

puric acid 

of group 

2 

0.33-0.59 

7.7 

2 

0.33-0.59 

3.6 

1 

0.60-0.79 

3.9 

5 

0.60-0.79 

8.9 

0 

0.80-0.89 

0.0 

6 

0.80-0.89 

10.7 

3 

0.90-0.99 

11.5 

9 

0.90-0.99 

16.1 

S 

1.00-1.09 

19.3 

10 

1.00-1.09 

17.9 

6 

1.10-1.19 

23.0 

13 

1.10-1.19 

23.2 

6 

1.20-1.29 

23.0 

S 

1.20-1.29 

8.9 

3 

1.30-1.58 

11.5 

1 

6 

1.30-1.58 

10.7 


Icterus index and scrum bilirubin concentra- 
tion: It is customaty to determine the icterus in- 
dex and the bilirubin concentration of blood serum 
on fasting specimens. In our studies, most of 
the patients were having many specimens of blood 
taken for plasma atabrine determinations 2 to 4 
hours after breakfast. In order to minimize the 
number of venepunctures, sera from these same 
specimens were used for the icterus index and bili- 
rubin determinations. In doing this, it seemed es- 
sential that control values from non-fasting sera of 
healthy soldiers should be compared with the re- 
sults in our patients, and in addition that tlie 
non-fasting specimens from healthy soldiers 
should be compared with fasting specimens to de- 
termine whether the results might be different. 
Sera were obtained from 562 normal healthy sol- 
diers 2 to 4 hours after breakfast and, in addition, 
fasting sera from 115 of these men were obtained 
on the same day. Seven per cent of the fasting 
values for the icterus index were greater than 8 
units, and 9 per cent of the fasting values for the 
serum bilirubin were greater than 0.50 mgm. per 
100 ml. The results obtained with postprandial 
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TABLE \T 

Icterus index, and serum bilirubin on the same postprandial 
sera of 562 normal healthy soldiers 


Icterus index 

Serum bilirubin 

Units 

Num- 

ber 

in 

group 

Per 

cent 

Cumu- 

lative 

per 

cent 

Mgm. 
per 100 
ml. 

Num- 

ber 

in 

group 

Per 

cent 

Cumu- 

lative 

per 

cent 

2 

2 

0.4 

0.4 

<0.10 

183 

32.6 

32.6 

3 

75 

13.4 

13.8 

0.10 

116 

20.7 

53.3 

4 

114 

20.3 

34.1 

0.15 

86 

15.3 

68.6 

5 

123 

21.9 

56.0 

0.20 

.66 

11.7 

80.3 

6 

115 

20.5 

76.5 

0.25 

31 

5.5 

85.8 

7 

75 

13.4 

89.9 

0.30 

12 

2.1 

87.9 

8 

26 

4.6 

94.5 

0.35 

14 

2.5 

90.4 

9 

13 

2.3 

96.8 

0.40 

18 

3.2 

93.6 

10 

5 

0.9 

97.7 

0.45 

9 

1.6 

95.2 

11 

6 

1.1 

98.8 

0.50 

8 

1.4 

96.6 

12 

3 

0.5 

99.3 

0.55 

5 

0.9 

97.5 

13 

3 

0.5 

99.8 

0.60 

4 

0.7 

98.2 

14 

1 

0.2 

99.9 

0.65 

1 

0.2 

98.4 





0.80 

5 

0.9 

99.3 





0.85 

1 

0.2 

99.5 





0.90 

1 

0.2 

99.7 





1.00 

1 

0.2 

99.9 





1.50 

1 

0.2 

100.1 

Total 

562 



Total 

562 




specimens tended to be slightly lower (Table VI). 
Five per cent of these values for the icterus index 
were greater than 8 units and 3 per cent of the 
values for serum bilirubin were greater than 0.50 
mgm. per 100 ml. 

During 108 attacks of malaria, both the icterus 
index and serum bilirubin concentration were 
determined on 5 successive days from the begin- 
ning of the attack. Following 118 attacks, the 
same tests were performed at inter\'als of I, 2 
and 3 weeks after tlie attack. From the second 
to the fifteenth week after attacks, these same tests 
were performed on 997 specimens from 260 men. 
The results are shown in Figure 1. On the first 
day of the attack, 16 per cent of the values for 
the icterus index were greater than 8 units and 
31 per cent greater than 7 units. By the fourth 
day, the percentage over 8 units had dropped to 
1 per cent, a value smaller than the 5 per cent 
found in normal healthy soldiers. Similar!}’, the 
percentage greater than 7 units dropped to 3 per 
cent, whereas it was 10 per cent in the normal 
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healthy soldiers. From 2 to 15 weeks after the 
attacks, the percentages greater than 8 and 7 
units respectively were essentially the same as 
those encountered in the control group. Similar 
findings were observed with the serum bilirubin 
concentrations during the same periods. The in- 
crease in number of elevated values during the 
first part of the attack with subsequent fall to 
below normal and later elevation to about the nor- 
mal level occurred with both tests. However, the 
degree of elevation was not great nor did it occur 
in every single indivdual, 

Vnne wohilinogen test: The test for urobili- 


nogen was performed on fresh 

morning urine 

specimens of 960 individuals without malaria (Ta- 

ble VII). Of 

these, 418 were 

normal health)'' 

soldiers. Only 3 per cent gave 

positive results 

in a maximum 

dilution of 1:10 and 1 per cent 

in a maximum 

dilution of 1 : 20, 

The remainder 


TABLE VII 


TJrine urobilinogen on 960 individuals 

without malaria 


Normal healthy men 


Dilution 

Number 

Per cent 

<1:5 

281 

67 

1:5 

122 

29 

1:10 

11 

3 

1:20 

4 

1 

Total 

418 

100 


Gerreral hospital patients 

DiJution 

Number 

Per cent 

<1:5 

324 

73 

1:5 

108 

25 

1:10 

7 

2 

1:20 

2 

<1 

1:50 

1 

<1 

Total 

442 

100 


of the group were 442 general hospital patients 
with no apparent liver damage. Only 2 per cent 
gave positive results at a dilution of 1 : 10. At a 
1 ;.20 dilution, 0.5 per cent were positive and a sin- 
gle individual with pneumonia was positive in a 
dilution of 1 : SO. These figures tend to show that 
in healthy men or in patients without apparent 
liver damage or obvious hemolysis, values above 
1:10 are uncommon. 

During 176 attacks of malaria, urine urobili- 
nogen tests were performed on 5 successive days 
from the beginning of the attack. Following 118 
attacks, the same test was performed at intervals 
of 1, 2 and 3 weeks. From the second to the 
fifteenth week, the same test was performed on 
an additional 1561 specimens from 227 men. The 


results arc shown in Figure 1, On the first day 
of the attack, 20 per cent of the test.s were po.-iitive 
in a dilution greater ihati 1 ; 20, ntid 41 per cent 
were positive in a dilution greater than 1:10. 
The number of elevated concentrations steadily 
decreased so that by the fifth day but few were 
above the nonnal limit. From 2 to 15 weeks after 
attacks the values were practically identical with 
those obtained with the normal healthy controls. 

Scrum albumin, globulin and total protein: Tiic 
serum albumin, globulin and total protein were 
determined from 1 to 26 weeks following recur- 
rent attacks of malaria in 172 men. All values for 
serum albumin were within normal limits. In 3 
men values above 2.7 grams per 100 ml. were ob- 
tained for the globulin, with the highest being 3,1. 
In only 2 men were tlie values for total protein 
below 6.0 grams per 100 ml., with the values being 
5.0 and 5.8 respectively. It is evident that hyper- 
globulinemia and hypoproteincmia were not fre- 
quent in this group of patients. 

Cholesterol: Cholesterol determinations were 
made on 156 fasting patients after recurrent at- 
tacks of malaria. None had a value below 150 
mgm. per 100 ml. Thirteen men had values be- 
tween 251 and 260, 5 between 261 and 270, 3 be- 
tween 271 and 280 and 1 between 281 and 290 
mgm. per 100 ml. This gave a total of 22 men 
with values above 250 mgm. 

Phosphatase: The serum phosphatase was de- 
termined in 191 men following recurrent attacks 
of malaria. All values were below 5 Bodansk)" 
units. 

DISCUSSION 

Liver function in naturally-acquired malaria (1 
to 3) has been previously studied in several coun- 
tries where the disease is endemic. It has also 
been studied in induced malaria (4) used in the 
treatment of neuros 3 'philis. Frequently only a 
single test has been employed ; when several tests 
have been used, the group studied has been quite 
small. Urobilinogenuria, hyperbilirubinemia, de- 
crease in serum protein and impairment of glyco- 
genetic function, as indicated by the galactose tol- 
erance test, have been observed in naturally- 
acquired malaria (1 to 4). Transient disturbances 
in liver function have been reported in induced 
malaria on a basis of moderate bromsulfalein re- 
tention, diminished hippuric acid excretion and a 
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.trongly-positive cephalin flocculation (4). The 
.mpairment was said by these investigators to dis- 
appear within 3 to 6 weeks after termination of 
the malaria. 

The patients at Harmon General Hospital 
formed a desirable group upon which to perform 
liver function tests. The group was homogeneous 
I ' with respect to age period, color, endemic area in 
which the Plasmodium vivax infection was ac- 
quired, and chronicity of disease as indicated by 
an average of 9 recurrent attacks in about 17 
months. Clinically, these patients frequently com- 
plained of vague gastro-intestinal symptoms and 
were easily fatigued, even after months of con- 
valescent care. During 308 observed attacks in 
these and some other patients, not included in this 
particular study, 32 per cent had pain in the right 
side, chiefly in the upper quadrant, and 12 per 
cent had palpable livers. All had had prolonged 
suppressive treatment with atabrine while over- 
seas, as well as thorough treatment with it during 
recurrent attacks. 

The majority of these patients were available 
for study for a period of 6 months. This created 
an opportunity to perform a large series of tests 
both during and after recurrent attacks of malaria 
and to observe whether there were any transient 
or possibly permanent abnormalities in liver func- 
tion. During the acute attacks, with those tests 
which gave presumptive evidence of liver dys- 
function, less than 5 per cent of the bromsulfalein 
tests were abnormal. With the cephalin floccula- 
tion test 82 per cent of the tests were positive 
with the Difco antigen and 21 per cent with the 
Wilson antigen. One worker (19) has recently 
presented evidence that cither qualitative or quan- 
titative changes in the fractions of scrum protein 
may be rcsponsii)Ic for cephalin flocculation. 
With those tests which are associated with in- 
creased hemolysis and/or disturbance in liver func- 
tion; namely, the icterus index, serum bilinihin 
concentration and urine urobilinogen concentra- 
tion, there were frequent abnormal values during 
the fir.st part of the attacks with return to normal 
by the fifth day. 

Following attacks of malaria, th.erc was positive 
cephalin flocculation in 20 per cent of the tesLs 
with the Difco antigen and 5 per cent with the 
Wilson amigcti. The results with the Wilson 
antigen are more in accord with th.c findings of 3 


per cent abnormal values in botli the bromsulfalein 
and galactose tolerance tests than are those of 
the Difco antigen. With tlie intravenous hippuric 
acid test, 11 per cent of tlie values were abnormal 
when compared to the control series. Evaluation 
of the group of tests as a whole shows tliat al- 
though tliere may be some transient disturbance 
during the recurrent attacks, there is at present 
little evidence of permanent hepatic dysfunction 
as a result of clironic relapsing vivax malaria 
treated principally by atabrine. 

SUMMARY 

The results obtained in the present study may 
be summarized as follows: 

1. The results with the bromsulfalein test 
showed that : 

(fl) On the second or tliird days of an attack in 
49 men, 4 per cent were abnormal. 

(b) On the sixth or seventh days of an attack 
in 97 men, 1 per cent were abnormal. 

(c) Following recurrent attacks in 149 men, 3 
per cent were abnormal. 

2. The percentages of positive cephalin floccu- 
lation tests during and after attacks of malaria 
with 2 different antigens were as follows : 

(o) Of tests performed on the first 5 days dur- 
ing 42 recurrent attacks, 82 per cent were positive 
with the Difco antigen, and 21 per cent were posi- 
tive with tlie Wilson antigen. 

(&) Following 204 attacks of malaria, 20 per 
cent of these tests were positive with the Difco 
antigen, and 5 per cent with tlie Wilson antigen. 

3. Galactose tolerance tests were perfonned on 
207 men following recurrent attacks of malaria; 
of these 3 per cent were abnormal. 

4. The- intravenous hippuric acid test was per- 
formed on 56 patients following attacks of malaria. 
Twenty-three per cent of this group excreted less 
than 0.90 gram of hippuric acid in 1 hour. 

5. The icterus index and scnim bilirubin con- 
centration tests were determined on the same sera 
l)oth during and after attacks of malaria. 

(a) At the onset of IIS attacks, 10 per cent 
of the ATilucs for the icterus irrlca: •.vcrc gr<atcr 
than S units, and 20 per cent of tiK'-e F'r th.e bili- 
rubin concentration were greater thru'. 0.50 mgrn. 
per lOO ml. of serum. By the fiftii day. .an'’ n r 
the followirg 15 v. ceks, tlic ’.rdues were aTju-'/xi- 
matcly nonnrd. 
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(b) The degree of elevation above normal in 
both tests was not great, nor did elevation occur 
in every individual. 

6. The urine urobilinogen test was performed 
both during and after attacks of malaria. On the 
first day of 176 attacks, 20 per cent of the tests 
were positive at a dilution greater than 1 : 20. By 
the fifth day but few tests showed values above 
normal although an occasional individual had an 
elevated figure for a short period of time with the 
rest being about normal within 2 to 15 weeks after 
an attack. 

7. In 172 men following recurrent attacks of 
malaria, the albumin, globulin and total protein 
were normal in all but 5 men. 

8. In 156 men following recurrent attacks of 
malaria, the serum cholesterol was essentially 
normal. 

9. In 191 men following recurrent attacks of 
malaria, the phosphatase was normal. 

CONCLUSION 

Liver function tests in 317 patients with chronic 
relapsing vivax malaria treated principally by 
atabrine disclosed evidence of some transient dis- 
turbance during recurrent attacks but gave little 
or no indication of permanent hepatic dysfunction. 
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The investigations of dietary fatty livers have 
thrown into prominent relief the function of the 
liver in the intermediary metabolism of lipids. 
The discovery that these disorders may be reme- 
died or prevented by lipotropic agents may have 
important therapeutic implications since there is 
some evidence that tire chemical and anatomical 
disturbances of the liver produced by some dis- 
eases and poisons resemble those found in dietary 
livers and that they may be amenable to the action 
of these lipotropic agents (1 to 3). These were 
among the reas 9 ns that led to an examination of 
the serum lipids in patients with diseases of the 
liver and pancreas and obstruction of the biliary 
system. Such studies have been made before but 
have usually been* confined to the determination 
of cholesterol, with or without fractionation, often 
by methods of doubtful accuracy. Because the 
interplay of the various lipid components appears 
to have significance apart from the concentration 
of any single constituent, as often as possible the 
lipids were fractionated into their 4 major compo- 
nents: fatty acids, lipid phosphorus, total choles- 
terol, and free cholesterol. From the values thus 
obtained, the cholesterol esters and neutral fat 
were estimated (4). In addition, samples of 
livers, secured at autopsy from some of the pa- 
tients who had been studied, were analyzed for 
the same compound’s. Finally, the effects of lipo- 
tropic agents on the course of the disease in cer- 
tain of the patients are mentioned. » 

EKPF.RI.MnNTAL 

Clinical material. .'Mtogethcr 174 determina- 
tions of scnim lipids were m.adc on 70 patients. 
On some occasions, especially in the earlier stud- 
ies. the lipids were not completely fractionated. 
Tb.c itnntbers of analyses for tlic \-arinus lipid frac- 

’ .\v.\o.\ by .a rmrt from t!;c IneM Kr^r^rch FnnJ of 
the Y.alc Sdax'! cf Mcc-eir.r, 


tions, therefore, vary and complete comparisons 
cannot be made in all instances. All fractions 
were, however, measured in 125 obser\'ations on 
54 of the cases. Proteins and protein fractions 
also were determined on 146 occasions. 

The cases can be roughl}' classified under the 
following headings: 


DiasnosU Number of cares 

Obstruction of the common bile duct 15 

Infectious hepatitis 11 

Toxic hepatitis 6 

Certain 3 

Questionable 3 

Portal cirrhosis 28 

Typical 16 

Atypical 12 

Biliary cirrhosis 8 

Typical 6 

At>'pical 2 

Acute hemorrhagic pancreatitis 2 


Some of these categories require explanation. 
Obstruction of the common bile duct includes pa- 
tients with common duct stones, carcinoma of the 
pancreas, and other tumors which occluded the 
duct. In most instances, the diagnosis was con- 
firmed by operation or post mortem c.xamination. 
In all, there was evidence of acholia at some lime. 
Studies were made before and after relief of ob- 
struction in many cases; in a few only after op- 
eration ; in others, who had inoperable conditions, 
at intervals during their illness. 

The group termed infectious hepatitis is so:ne- 
what heterogeneous. .All had febrile illnc'^'^es v.^- 
sociated with icterus, usually accompanic-f! by en- 
largement and tenderness of tb.c liver. Xo evi- 
dence of exposure to hepatic could be 

elicited from any o: them. One !:ad an ante- 
ccflent history suggesting ci'-rde 'it'ua'i- t.f 
gal!-b!ad(ier. and x-ray^; at th.a; tin''- r.':d 
vc.ale'I imperfect filling rf the grdl-Mr.d Vr. In 
in-tances, ti;e liver ren-.aine 1 < • 'r'-v.h-.t 
after the actrte .'ttar’.u- had f u'''': ;'-!. In I ' ' 
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biliary obsTrucDor? 0ac1ivc □relieved 
in(ect!oas hepatitis El active 0rccoycrcd 
toxic hepatitis fflacllve [Drccovcred 
portal cirrhosis 13 typical □atypical 
biliary cirrhosis H typical 01] atypical 
acute pancreatitis © 
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Fig. 1. Cholesterol, Lipid Phosphorus and Neutral Fat in the Serum of Patients 

Various Types of Liver Disease 
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'treme cachexia or with extensive destruction 
. degeneration of the parenchyma of the liver. 
In general, cholesterol was higher in the pa- 
ints with infectious hepatitis than it was in those 
ith toxic hepatitis. There were, however, dis- 
nct exceptions to this rule. In 2 of the cases 
/ith infectious hepatitis, values below 100 mgm. 
)er cent were observed. One of these accom- 
)anied an acute postpartum nephritis. True hy- 
)ercholesterolemia, values greater than 300 mgm. 
)er cent, was encountered only twice, in conjunc- 
;ion with acholic stools. It might have been noted 
nore frequently if patients had been seen earlier 
n their illnesses. Illustrative cases are shown 
in Figure 5. In 3 cases with somewhat similar 
lourses, studied only after icterus had begun to 
improve, cholesterols lay .within normal limits. At 
least 1 of these had acholic stools earlier. Of the 
8 patients with normal or high cholesterols, only 


1 died ; her icterus was a terminal feature accom- 
panying pneumonia. Of the 7 with hypocholes- 
terolemia (cholesterol less than 150 mgm. per 
cent), on the other hand, only 1 sui^dved. It was 
noted that this patient had icterus when he was ad- 
mitted to the hospital immediately after he had 
been scalded. How long die jaundice had persisted 
is as uncertain as its origin. As it subsided the 
serum cholesterol rose from 66 to 173 mgm. per 
cent. This is the only uncomplicated infectious 
case in which a cholesterol lower than 100 mgm. 
per cent was observed. On the otlier hand, con- 
centrations below 100 mgm. were encountered in 
4 patients in the terminal stages of hepatitis caused 
by drugs and chemicals. In these, jaundice was a 
late phenomenon overshadowed by symptoms of 
hepatic insufficiency. A diagnosis of arsphenamine 
hepatitis and encephalitis was made on a negress 
who, after antisyphilitic treatment, was admitted 



Eiliiry ctsTractic'i.acIhe ♦,relic\vdO;io'et!i::s btpaiilii.sc'r/i A.'vtirfrrdfi; 
Icxii hcpsmis.E'-Uve*. rctcitrEj D-,pcrtal cirrtins.lyp'.taw, aiypicci, o; 
biliary cirrhosis. Typical x , aTypical +. 
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to the hospital with a temperature of 104.4° F, in 
a semistuporous condition, with a number of 
anomalous features, including x-ray evidence of 
a tumor in the sella turcica. Serum cholesterol 
when she was improving was 318 mgm. per cent, 
the icterus index was 50. Despite a distortion of 
the interrelationships between the lipid fractions 
indicating a disorder of the liver, the cephalin floc- 
culation test was negative. The diagnosis in this 
case, therefore, seems doubtful. The data on the 
whole suggest that hypercholesterolemia in hepa- 
titis is an indication that the inflammatory condi- 
tion has involved the bile ducts, causing obstruc- 
tion. Whether this- is a distinctive feature of cer- 
tain types or stages of hepatitis is a suitable sub- 
ject for inquiry. 

In patients with typical portal cirrhosis, choles- 


terol was usually normal or low. In the rases with 
atypical portal cirrhosis, it lay in the same grrier.al 
rajigc, although the average rourentiatious were 
somewhat higher. 'J’his diflercncc defiece!*' i.argcly 
on the inclusion in this group of certain rasc.r. 
The patient with cnlcilii'd adlu'.dvt; perii'ar<Htis, 
despite intractable ascites, liejiatorncgaly and 
.splenomegaly, had a normal serum pattern 

throughout. This case acemmts tor 7 of the cho- 
Icstcrols above 160 mgm. per cent. 'I' wo others 
arc contributed by another patient with heart fail- 
ure. Three arc from the patient who had dilated 
pancreatic ducts, and I from I of the patients v/ith 
previous cholecystectomy. In 1 instance, the cho- 
lesterol rose from 129 to 179 mgm. per cent under 
thcrap}'. Among the typical cases, 3 of the cho- 
Icsterols above 160 mgm. per cent arc from a pa- 



Fig. 3. The Relation of Neutkal Fat to Cholesterol and to Lipid 
Phosphorus in the Serum of Patients with Various T-vpes of 
Liver Disease 

For interpretation of the symbols, see Figure 2. 
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tient who had successive values of 189, 185, 161, 
and 125 mgm. per cent. This probably illustrates 
the usual course of the disease. In 3 cases, how- 
ever, the cholesterol rose in the course of the dis- 
ease. In 1 instance a rise from 143 to 225 mgm. 
per cent marked a period of improvement in which 
ascites, previously requiring frequent paracentesis, 
was controlled by diet and diuretics. A rise from 
154 to 208 mgm. per cent in another case attended 
symptomatic improvement. The third, when first 
seen, extremely malnourished, had a cholesterol of 
only 64 mgm. per cent. This rose to 112 and then 
to 229 mgm. per cent. Despite the fact that this 
woman died of a ruptured esophageal varix and 
suffered, besides, from heart failure, she never 
developed any considerable ascites. At autopsy, 
the liver was not characteristic of portal cirrhosis. 
Instead, there was a focal fibrosis, while the cells 
and architecture of most of the organ were well 
preserved. 

The figures in biliary cirrhosis above 300 mgm. 
per cent are all from 1 patient who had also dia- 
betes and necrobiosis (see Protocol 44700). Her 
course will be discussed in detail elsewhere. The 
patient with a cholesterol of 285 mgm. per cent 
also had a long-standing history of biliary stasis. 
Another patient with a similar condition had cho- 
Icsterols of 167 and 177 mgm. per cent. It is 
known that cholesterol was 230 and 254 mgm. per 
cent iy 2 years and 1 year earlier, respectively. 
Another with an acute historj' had a cholesterol 
of 207 mgm. per cent 2 weeks before death. The 
2 cases with cliolcsterol below ISO mgm. per cent 
died after prolonged courses, in cachetic states, 1 
with extreme recurrent ascites. The condition of 
the atypical cases can be judged from the sketches 
of their records given in the protocols. It may 
be inferred that recurrent or partial biliary ob- 
struction gives rise to hypercholesterolemia which 
diminishes as hepatic destruction progresses, ulti- 
mately giving way to terminal hypocholestero- 
Icmia, either as a result of the extreme malnutri- 
tion or the loss of liver parenchyma. 

In this connection, although senim proteins may 
seem irrelevant to a discussion of lipids, they mav 
throw some light on the effect of malnutrition. It 
must l)c rccognired. however, that they are cri- 
teria of nutrition in a special sense oniv. Much 
emphasis h.as been placed up->n hypcrgh'hulinemia 
in cirrhosis. In th.c present serie.s (see Figure 


2A), serum globulin was below 3 per cent 7 times 
in typical portal cirrhosis, 4 per cent or above 14 
times, and' 3 to 4 per cent 9 times. Corresponding 
figures for atypical cirrhosis were 10 below 3 per 
cent, 6 above 4 per cent, and 9 between 3 and 4 
per cent. In addition, globulin exceeded 4 per 
cent 5 times in biliaty cirrhosis, 3 times in active 
acute hepatitis, 3 times after recovery^ and once in 
biliary obstruction. Hyqrerglobulinemia is not, 
therefore, a reliable diagnostic sign of portal cir- 
rhosis. Serum albumin is reduced (less than 4 
per cent) in most patients with liver disease (see 
Figure 2B). Although the lowest figures coincide 
witli low cholesterol, there is no direct correlation 
between the 2 variables, nor is albumin consis- 
tently depressed in any^ particular disease. It is 
probably determined rather by the nutritive state 
of the patient. 

Although attention in tlie past has been confined 
chiefly to cholesterol, phospholipid (12) is quite 
as much disturbed in diseases of the liver. In 
general, the 2 follow one another, rising and fall- 
ing together. Figure 1 suggests that diseases are, 
perhaps, a little more sharply differentiated into 
categories by means of phospholipids than by cho- 
lesterol. The parallelism behveen pliospholipids 
and cholesterol is well illustrated in Figures 4 
and 5. 

About the concentration of neutral fat in tlie 
serum, both in diseases and in experimental dis- 
orders of the liver, little can be found in the litera- 
ture (12). Statements about this lipid compo- 
nent arc based chiefly upon detenninations of total 
lipids or total fatty acids. The latter are peculiarly 
unreliable measures of neutral fat in cornliiioms 
in which, as in liver disease, the concentrations of 
phospholipids and cliolcsterol esters arc greatly 
altered. From Figure 1, it appears that concen- 
trations of neutral fat arc not high in the .^erimi 
of most patients with liver disaise. In only 2 
instances did neutral fat rise to tiic inaxijnnm 
encountered in normal .cnbject.s (•!). Xemr.-d mt 
is, however, liigh in biliary ob'tructi^m .and in in- 
fectious hepatitis, as c>iniparcd v.ith c:rr!;o':s .'•n'i 
toxic hepatitis in v.h.ich it is u-nnlly rf-nn 'natively 
low. From Figure-; 4 .and 5. it v.dl! Ik- tin:; 
in Ixi'.h biliary f-b-tn:rti' ri rn; ; in 5 'in'- ra • ; r- 
infcctie-.is l;t-j.ati:!s nentr.a! :a; r;-' . :>> fall a, 
as the edoima*; r: I- rflievrl > r tl ^ irt'-r:; 
sidtas. Xcutral fat i‘ , r ; c f tinr.tv * ' t; t':- 
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assumption that the proportions of phospholipids 
remain constant. If, as lipid phosphorus rose, the 
increments consisted entirely of phospholipids with 
2 fatty acids, while those with 1 fatty acid dimin- 
ished, fatty acids could increase out of proportion 
to phosphorus without addition of neutral fat. 
Even if it were assumed that every phosphorus 
were combined with 2 equivalents of fatty acid, the 
neutral fat figures in this study would not be sig- 
nificantly altered. If, on the other hand, the 
phospholipids with only 1 fatty acid increased 
disproportionately, neutral fat would be much 
greater than Figure 1 indicates in patients with 
high lipid phosphorus. 

Some idea of the effect this would have can be 
gained from Figure 3 in which neutral fat is com- 
pared with lipid phosphorus and cholesterol. 
There is a general tendency for all 3 fractions to 
vary together, but the correlation is not consistent. 
The most striking exception is the patient (44700) 
with chronic biliary tract disease, diabetes, and 
necrobiosis who is responsible for all the diagonal 
crosses above 300 mgm. per cent of cholesterol 
and 15 mgm. per cent of lipid phosphorus. There 
is reason to believe that neutral fat in this case 
was underestimated, since on 1 occasion calcula- 
tion yielded a value of — 8.5 m.eq. per liter of 
fatty acid. The general tenor of the data would 
not be altered if the neutral fat figures of this pa- 
tient and those with obstructive jaundice were 
raised. It would still remain true that elevation 
of neutral fat is confined almost entirely to pa- 
tients with obstructive jaundice and infectious 
hepatitis. Among the latter it is those with early 
intense jaundice that are chiefly affected. The 
highest figures of all, however, were obscn-cd in 
the patient with postabortional E. colt septicemia. 
From Figures 1, 3, 4 and 5 it can be seen tliat 
neutral fat rose proportionally more in hepatitis 
than it did in obstructive jaundice. The onlv case 
of cirrhosis with neutral fat greater than lo'm.cq. 
per liter was the patient who had aU-pical portal 
cirrhosis with dilated pancreatic ducts. 


The ititcrrclalior.shlj's oj the srrunt Uf'lds 

It has been rcportc<l repeatedly th.at the ratio 
of free to total cholesterol is frequentlv elcrated in 
hepatic disease (S. 9). PuhlislHal data, have J;ow- 


cver, been obtained .almost entirely by colorimetri 


procedures that yield higher and more variable 
ratios than does the digitonin method employed 
for the present study. For example, one worker 
(8) gave as the normal range of the cholesterol 
ratio 0.30 to 0.50. On the other hand, in a large 
series of normal subjects several workers (13 to 15, 
4) found by digitonin methods that the ratio, free 
cholesterol : total cholesterol, never departed from 
the narrow limits of 0.24 to 0.32. Furthermore, 
tliis relation was not disturbed in diseases of tlie 
thyroid gland (6), nephritis (16), and a variety 
of other disorders, in spite of the fact that tliese 
conditions greatly affected tlie concentration of 
cholesterol. 

In Figure 6, total cholesterol and cholesterol 
esters of tlie patients of our series are compared. 
In only a few of the patients with cirrhosis is the 
ratio of esters to total cholesterol normal ; in the 
others, it is invariably low. The grouping of 
points on the chart indicates that the distortion 
arises largely from a deficiency of ester forms. In 
only a few instances, when total cholesterol is 
greatly increased, does the concentration of esters 
exceed the upper normal limits; sometimes esters 
are almost extinguished. In patients with biliary 
obstruction and extreme h 3 ’percholestcrolcmia both 
fractions are sometimes elevated. In this condi- 
tion and in acute hepatitis and biliary cirrhosis, 
the ratios are particularly reduced. From Figures 
4 and 5, it can be seen that cholesterol esters fall 
at the onset of obstruction or acute hepatitis, even 
before total cholesterol rises. Converse!}', during 
recovery, esters rise and the ratio is restored be- 
fore the total cholesterol falls. This is particu- 
larly evident in B4920S, Figure 4. Before opera- 
tion, ester cholesterol v.’as only 80 anti 85 mgm. 
per cent, with total cholesterol of 782 and 572 
mgm. per cent. Normally, with cholesterol esters 
as low as this, total cholesterol could not e.vccct! 
118 and 125 mgm. per cent. Fifteen d.ay.s after 
operation, with relief of the obstruction, the c-ters 


s te.rit 


had risen to 236 mgm. per cent wb.en tr.e tot.'d cho- 
lesterol had fallen to only 485 mgm. per ce:i;. It 
is this tendency for the ratio to appro-ari: r; 
before the concentration doc.' 
tlie ob.^truction and hvperiir e 
casc.s th.at have nonnnl rati' ^ i 
In t.ho^e patien.t' who deveh 
lentia. free chr.li -ter.' ! ri^c- 
a'i C'tcrs dindnid;. At ihv }.■ 
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0.76 0.68 



The diagonal lines defining ratios of 0.76 to 0.68 bound the zone of normal 
variation. For interpretation of the symbols, see Figure 2. 

Solid circles = typical, open circles = atypical portal cirrhosis. Diagonal 
crosses = typical, vertical crosses = atypical biliary cirrhosis. Solid tri- 
angles = active, open triangles = recovered infectious hepatitis. Solid 
squares = active, open squares = recovered toxic hepatitis. Solid diamonds 
= active, open diamonds = relieved biliary obstruction. 


lipemia, free cholesterol, which is normally a small 
fraction of the total, may exceed the normal value 
for total, cholesterol. In 1 instance, of a total of 
730 mgm. per cent, 530 mgm. per cent was in the 
free form. In patients with extreme hypocholes- 
terolemia, on the other hand, free cholesterol, 
though high in proportion to the esters, may lie 
below the normal limits. 

Just as the ratio of free cholesterol to total 
cholesterol is more constant than the concentra- 
tion of total cholesterol or either of its fractions 
in the serum of normal persons, so the proportion 
of phospholipid to cliolesterol is less variable than 
is the concentration of either phospholipid or cho- 
lesterol (6). The ratio, cholesterol : lipid phos- 
phorus, however, is not constant, as is the ratio 
of free to total cholesterol, but increases with the 
cholesterol in a manner that has been described in 
an earlier paper (6) . 

In liver disease, lipid phosphorus, in general, 
parallels total cholesterol. The normal relations 


between the 2 are not, however, presciwcd. In 
most cases, the ratio of cholesterol to lipid phos- 
phorus is lower than normal. Kspecially in the 
hyperlipemic cases, this distortion implies that 
phospholipids rise proportionally more than total 
cholesterol. In a review of the normal relation 
between these 2 lipid fractions, it was discovered 
that when lipid phosphorus is plotted directly 
against cholesterol, the distribution of points above 
100 mgm. per cent of cholesterol is indistinguish- 
able from a straight line. The distribution of 
points in thyroid diseases coincides with the dis- 
tribution in normal persons or a rectilinear exten- 
sion of this distribution. The best straight line 
calculated from 856 observations in which choles- 
terol varied from 108 to 9-11 mgm. per cent, was 
defined by the equation ; 

lipid phosphorus = 0.0294 cholesterol 4- 3.62, 

S.D. = ± 1.043 mgm. per cent 
This line meets the y axis at a point indicating that 
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cholesterol should disappear when the lipid phos- 
phorus falls to 3.62 mgm. per cent. Actually cho- 
lesterol does not disappear, but falls at a slower 
rate than lipid phosphorus when the latter ap- 
proaches this concentration. The curvilinear rela- 
tion of the ratio, cholesterol : lipid phosphorus, to 
cholesterol, defined in an earlier paper (6) arises 
from the fact that the line defining the relations of 
these 2 fractions does not pass through the origin. 
By means of the linear relation defined by the new 
equation, it is possible to construct a graph some- 
what like that used for the evaluation of the cho- 
lesterol ratio. This has been done in Figure 7. 
The radial lines define ratios of lipid phosphorus 
— 3.62 to total cholesterol. The lines defining the 
normal limits, with slopes of 0.0205 and 0.0383 re- 
spectively have not as precise significance as those 
defining the limits of the cholesterol ratio, because 
the latter is more constant than tlie ratio of lipid 
phosphorus to cholesterol. These lines are drawn 
to include twice the mean deviation of the ratio 
at 200 mgm. per cent of cholesterol, which is about 
d: 0.009. The deviations are smaller at low than 
at high concentrations of cholesterol, which justi- 
fies, to some extent, the use of radial lines. 

It is evident from Figure 7 that the ratio, lipid 
phosphorus : cholesterol, is unmistakably larger 


than normal in a large proportion of patients witli 
liver disease. The most striking elevations are 
found in subjects with biliary obstruction and 
acute hepatitis. Certain exceptions are to be 
found. Among these are patients on the road to 
recovery from obstruction or hepatitis. This ratio, 
like the cholesterol ratio, seems to return to nor- 
mal more rapidly than the concentrations of lipids 
do. Other exceptions are subjects with choles- 
terol below 100 mgm. per cent. To tliese, for rea- 
sons given above, the chart does not properly ap- 
ply. The cirrhosis cases, for the most part, have 
normal ratios. 

In Figure 8, the ratio of free to total choles- 
terol is compared mth that of lipid phosphorus to 
cholesterol. The horizontal and vertical lines de- 
fine the normal limits of the 2 ratios. Area 5, 
therefore, presents the normal zone. In this area, 
lie patients who have recovered from acute hepa- 
titis or have been relieved of biliary obstruction 
and a few cases of typical or atypical cirrhosis. 
There are no points in Areas 1, 4, and 7 which 
represent cholesterol ratios less than 0.24. Area 
2 is also clear. This means that tlic ratio of lipid 
phosphorus to cholesterol is not altered if the 
cholesterol ratio is normal. Biliaiy obstruction 
and acute hepatitis tend to congregate in Area 3, 
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Fig. 8. The Relation of the Lipid Phosphorus : Cholesterol Ratio to the 
Cholesterol Ratio in Patients with Liver Disease 

The vertical and horizontal parallel lines define the normal limits of variation to 
these ratios. For interpretation of the symbols, see Figure 6. 


where both ratios are high. In this same area 
appear some subjects with atypical cirrhosis. As 
acute hepatitis and obstruction improve they fre- 
quently move through Area 6; that is, the lipid 
phosphorus : cholesterol ratio is restored earlier 
than the cholesterol ratio. In this area are also 
found most of the observations on typical and 
atypical cirrhosis. The few points in Areas 8 and 
9 are almost all derived from patients with ex- 
treme hypolipemia. 

Lipotropic agents 

Choline chloride, in doses varying from 10 to 
25 grams a day, was given for varying periods to 
3 patients presumably suffering from portal cir- 
rhosis. In none of them did it have any demon- 
strable effect upon the clinical course nor upon the 
serum lipids. Two of these subjects developed 
diarrhea when they took choline. This reaction 


occurred in 4 of the 8 patients who received this 
compound, but in 3 the diarrhea was transitor}L 
The compound was also given to 3 patients with 
acute hepatitis. All three recovered, but it is im- 
possible to say that their clinical courses were in- 
fluenced by the choline. Another patient (Tables 
I and II, 28639) was given 10 grams subcutane- 
ously on the second and third da3^s preceding' her 
death. 

The course of the lipids in the eighth patient 
who received choline is illustrated in Figure 9 
This is the patient with diabetes, necrobiosis, and 
chronic icterus with partial biliary obstruction 
and cholangitis (Protocol 44700). The serum 
hpids were greatly increased throughout her 
course, with strikingly high ratios of free to total 
cholesterol and of lipid phosphorus to cholesterol. 
The lipid picture resembled that of obstructive 
jaundice, with the exception that neutral fat was 
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not elevated. Nevertheless, biliary obstruction 
was never complete. From the 96th to the 113th 
day in the hospital, she was given 1 gram of cho- 
line chloride daily. Under this treatment choles- 
terol and lipid phosphorus fell and continued to 
decline in the next 2 weeks without choline. At 
the same time, the lipid ratios fell towards normal. 
Choline was again resumed on the 128th day and 
was taken irregularly until the 167th day. On the , 
186th day, the serum lipids were almost normal. 
Subsequently they rose again, falling only shortly 
before death. No apparent improvement in the 
clinical condition accompanied the reduction of 
the serum lipids. Whether the latter can be at- 
tributed to the choline, it is impossible to state. 

One of the patients with portal cirrhosis who 
had reacted to choline with diarrhea was given 3 
grams of methionine daily for a month without 
any demonstrable change of clinical signs and 
symptoms or of serum lipids. Another patient 
who developed nephritis and hepatic enlargement 
with icterus during the puerperium, following 


eiy'sipelas, was given 5 grams of methionine daily 
for 4 days shortly before death. 

Lipocaic was given to a patient who developed 
fatty diarrhea and multiple wtamin deficiencies 
after a subtotal pancreatectomy for pancreatic car- 
cinoma that had completely obstructed the com- 
mon bile duct. Although she took as large doses 
of the material as she was able (up to 12 capsules 
a da)"), together with pancreatin and vitamins, 
she went rapidly and uninterruptedly downhill 
until her death. During her postoperative course, 
her lipids, which had been depressed, rose to the 
normal range despite extreme wasting. The lipid 
ratios, however, remained abnormal throughout. 

Liver analyses 

Results of the liver analyses are shown in Ta- 
ble I. For comparison in the same table are analy- 
ses of livers from 3 patients presumably free from 
hepatic disease and other disorders known to af- 
fect serum lipids, and a summar)' of similar analy- 
ses published by Ralli (17). The milliequivalcnts 


TABLE I 

Lipids of the liver 


Case number 

Hours af- 

Liver 

Solids 

Fatty* 

1 

Lipid 

Cholesterol | 

NntraU 

ter death 

weight 

adds 

phosphorus 

Total 

Free 

Ester 

Frct.E-tcr 

fat 


i 

Srams 

Srams Per 
ksm. 

Per 

kgm. 

vams Per 
kgm. 

grams Per 
kgm. 

grams per 
kgm. 

grams per 
kgm. 


rzy^. p*r 


Liver disease 


B43797 

B36812 

28639 

A57138 

19694 

A47621 

B43658 

A45460 

B43742 


S.5 

4675 

319 

532.0 

0.963 

2.40 

1.27 

1.13 

0.53 

4 7.?. 2 

16.0 

535 

1327.0 

0.729 

2.05 

1.43 

0.62 

0.70 

1 283.1 

12.5 

2325 

197 

63.9 

1.207 

2.63 

2.51 

0.12 

0.95 

-6.5 

22.5 

2300 

532 

1036.5 

0.642 

6.76 

2.96 

3.80 

0.41 

9S=i.5 

21.0 

650 

228 

53.0 

0.832 

2.77 

2.80 

0.00 

LOO 

4.7 

16.0 

1525 

225 

190.6 

0.690 

3.09 

2.57 

0.52 

0.8? 

149.1 

6.5 

1050 

197 

55.0 

0.803 

2.61 

2.05 

0.59 

0.78 

6.9 

7.5 

850 

228 

95.8 

1.001 

3.49 

2.79 

0.70 

O.SO 

3.L9 

16.5 


184 

61.4 

0.713 

3.03 

2.70 

0.33 

0.89 

19.1 


Normal 


6269 

19.0 

2015 

297 

219.9 

1.139 

3.40 

2.09 

1 

I.3I 

0.62 I-'.' 

6270 

8.0 

1650 

274 

18S.5 

1.180 1 


2.59 

I 15 

0.69 ' IV' ') 

6366 

14.0 

1450 

284 

183.7 

1.284 

2.97 

2.26 

1 

0.71 

1 

0.76 ; lor.i 


Ualli s (17) normal; 


Minimum 

M.avimurn 

.■\vc.'7!;;c 

■ 


■ 

WM 

Ira 

0.560 

1.167 

0.S09 

2.40 i l.o; j 0 4? ’ 

5.5S i 2.17 I I.TI ' (■■’> • ■ 

2.5.? ! ’.ni ! 0.79 ‘'’72 7 . ' 
































636 


MAN, KARTIN, DURLACIIKR, AND I’rrilRS 


TAni.r. II 

Scrum lipids of patients with liver analyses 


Case 

number 

Date 

Scrum protein 

Fatty 

acid 

Lipid 

pliospliorns 

Cllfilr-.trrol 

l.lpM 

pli.-itfi'rr-,- 


Total 

Albumin 

To^a^ 

rrrr 

! 

I'crriTotal 



per cent 

per cent 

m.eij. per 
liter 

wijcm. 
per cent 

mpn. 
per cent 

tnem. 

Per cent 



it:^r 


1943 




i 






B43797 

June 21 

5.15 

3.08 

26.2 

27.3 

3.S0 

320 

0.91 ! 

0.019 

9.6 


July 20 

4.94 

2.81 

9.5 

7.2 

138 

46 

0.33 

0.06H 

2.9 

B36812 

Jan. 21 

8.19 

2.93 

18.4 

12.3 

166 

106 

0.61 

0.052 

0.7 


Feb. 1 

6.22 

2.72 

18.2 

11.1 

155 

108 

0.70 

0.0 19 

10.5 


Feb. 3 



21.8 

10.2 

234 

133 

0.57 

0.028 

13.3 

28639 

May 29 

5.00 

3.30 

37.5 

14.5 

132 

108 

0.82 

0.0S2 

28.5 


May 30 

4.64 

3.28 

36.2 


133 

120 

0.90 




May 31 

5.03 

3.01 

34.2 

16.7 

157 

127 

0.81 

0.083 

23.7 


June 1 



33.6 

15.8 

127 

120 

0.95 

0.096 

2 1.2 


1944 










A57138 

Nov. 18 

5.46 

3.92 

10.4 

7.9 

91 


0.52 

0.042 

5.0 


1943 










19694 

Mar. 5 

6.62 

3.37 

7.1 

4.2 

78 

52 

0.67 

0.007 

4.0 

A47621 

Jan. 12 

6.14 

2.03 

6.5 

5.6 

79 

42 

0.53 

0.024 

3.2 


Jan. 26 

8.39 

2.18 

7.5 

7.7 

122 

49 

0.40 

0.033 

3.0 

B436S8 

June 4 

5.85 

2.91 

6.1 

5.5 

104 

42 

0.40 

0.018 

2.9 


1944 










A45460 

Nov. 14 

6.25 

1.77 

7.4 

6.1 

139 

63 

0.45 

0.018 

1,9 


1943 










B43742 

Apr. 3 

7.08 

1.90 

10.3 

7.7 

93 

78 

0.84 

0.044 

5.4 


* In terms of fatty acid. 


of fatty acid are calculated from this worker’s 
figures, which are given in grams, by assuming 
that the fatty acids were composed of equal parts 
of stearic, oleic, and palmitic acids. The values 
for lipid phosphorus have been recalculated by 
means of the factor by which she converted lipid 
phosphorus to grams per cent of phospholipid 
(18). From these figures, neutral fat has been 
estimated by the formula used for the estimation 
of neutral fat from our own analyses. Her figures 
for neutral fat were not employed because' they 
would not be comparable to ours. The results of 
analyses of sera from the patients whose livers 
were analyzed are shown in Table II. Abstracts 
of protocols of the cases are given at the end of 
the paper. The three "normal specimens” of liver 
were taken from the livers of: (1) a man of 50 
/ years who committed suicide by taking cyanide, 
/ (2) a man of 31 years who died 6 hours after a 
coronary occlusion, (3) a man of 29 years who 
•died from a stab wound of the heart. 


Interpretation of analyses of tissues from hu- 
man autopsy material presents several knotty 
problems. In the first place, it is not possible to 
secure the specimens in such a fresh state that 
autolytic changes can be excluded. Fortunately, 
lipids appear to be less subject to autolysis than 
carbohydrate and proteins are. Ralli (17) found 
that total cholesterol and fatty acids did not 
change, though lipid phosphorus decreased slightly 
in a dog’s fiver kept in the refrigerator for 23 
hours. The differences in the “normal” analyses 
in Table I are not related to the inter\'al be- 
tween death and examination. It is difficult to 
obtain suitable normal control specimens. The 3 
analyses in Table I are not sufficient to establish 
the range of normal variation. In composition, 
however, all three are relatively uniform. Ralli’s 
(17) figures for all constituents are far more 
variable, and her series of analyses is far larger 
than ours. ^ It may be that her material is more 
representative or that ours is more fortunately 
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selected. In the general magnitude of all frac- 
tions, the two sets of analyses agree. Many others 
have reported liver analyses that differ widely 
from hers (17, 19) and ours, presumably because 
of the analytical techniques employed (20 to 23). 
It may be assumed that the structure of the livers 
of adults is relatively uniform, that the propor- 
tions of liver cells to connective tissue and other 
elements are approximately the same. It is quite 
othenvise in diseased livers. In cirrhosis, for ex- 
ample, the major part of a sample may consist, 
not of liver cells, but of undifferentiated connec- 
tive tissue. The proportion of liver cells to con- 
nective tissue cannot be estimated, but it must 


have a great influence upon the chemical composi- 
tion of the specimens taken for analysis. 

There is no feature common to all the patho- 
logical livers; but the most frequent abnormality 
is a relatively low concentration of phospholipids. 
The first, second, and fourth cases are distin- 
guished from all the others by the high proportions 
of solids they contain. This is assodated with the 
presence of excessive quantities of fatty acids, of 
which an unusually large fraction belongs to neu- 
tral fats. In B43797 and B36812 pancreatic tissue 
was almost entirely destroyed, though neither had 
diabetes. These presumably' are examples of true 
dietary fatty livers comparable to those that de- 
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velop in depancreatized animals treated with in- 
sulin. Phospholipids are reduced in both. Total 
cholesterol is also low, the deficiency afifecting 
chiefly the free cholesterol fraction. B43797, when 
first observed, had high serum cholesterol, phos- 
pholipid, and moderately-elevated neutral fat in 
her serum, all of which fell before death, possibly 
because she had a biliary fistula. Cholesterol, 
lipid phosphorus, and neutral fat rose steadily in 
the serum of B36812, and the cholesterol ratio 
was high throughout. An erroneous diagnosis of 
portal cirrhosis was made because of an alcoholic 
history, a large liver, ascites, and high serum 
globulin. The serum lipid pattern, however, dif- 
fers widely from that usually seen in portal cir- 
rhosis, which is characterized by low concentra- 
tions of lipids and little distortion of the choles- 
terol ratio. 

In some respects AS7138 resembles the 2 pre- 
ceding cases: total solids, fatty acids, and neutral 
fat are extremely high, lipid phosphorus greatly 
reduced, but cholesterol is enormously increased 
by accumulation of esters. This corresponds 
closely to the pattern of lipids described in the 
livers of animals with purely dietary fatty livers. 
Certainly from his history, the patient was en- 
titled to such a condition. It is, however, impos- 
sible to evaluate or to discount the poisonous ef- 
fects of the rubbing alcohol and the renal tubular 
destruction. 

All the other livers of the series contain less 
than the normal complement of solids and in all 
but one, A47621, the deficiency can be attributed 
partly to a reduction of the concentration of fatty 
acids in the organ. Fatty infiltration in a gross 
•sense is not, therefore, a consistent feature of he- 
patic disease. Case 28639 is peculiarly intriguing. 
Whether as a result of some unknown drug or 
puerperal sepsis, the patient had jaundice and 
other evidences of profound injury to the liver, is 
not known, and post mortem examination revealed 
no gross nor microscopic disturbance of hepatic 
structure. The chemical composition of the organ 
is profoundly altered, as might have been sur- 
mised from the serum analyses. The most strik- 
ing change in both serum (last observation) and 
liver is the almost complete extinction of choles- 
terol esters and the relative preservation of the 
phospholipids. In fact, serum lipid phosphorus is 
high. This patient received choline for the last 3 


days of her life. On the other Iiatid, no lunitrnl fa 
could be detected in the liver, nitliough its con 
ccntration in the scrum is c.xtremely high, ns if it 
utilization had been blocked. The calculation o 
neutral fat is, of course, subject to error hecntisi 
the composition of the phospholipids is unknown 
If these contained an unusually large pro|)ortio 5 
of compounds containing only a single fatty acid 
the neutral fat would be elevated somewhat. 

The features common to this liver and that o 
19694, who died of a toxic hepatitis, arc the ah 
sence of cholesterol esters and the deficiency o 
neutral fat. Phospholipid is also low in 19694 
All the lipid components in his scrum were als< 
reduced. These distinctions may arise from dif 
ferences in the duration of the disease. Cas( 
28639 died only a week after the onset of her ill 
ness, while 19694 had been exposed for months tc 
the poison which killed him and had jaundice foi 
at least 3 weeks before his death. 

The 4 remaining patients died with cirrhosis o 
various degrees and kinds. The low solids anc 
lipids cannot, therefore, be attributed altogethei 
to changes in composition of the liver cells; rC' 
placement of these cells by connective tissue miisi 
be a contributory factor. The lipid constituentj 
are not, however, uniformly affected. The con- 
centrations of total cholesterol are quite well pre- 
served. If the reductions of lipid phosphorus and 
fatty acids derive from replacement -.of liver cells 
by connective tissue, the liver cells must contain 
excessiA'e amounts of cholesterol. Both morpho- 
logically and chemically the livers differed from 
one another. The most classical picture of portal 
cirrhosis was seen in B43658. With the exception 
of neutral fat, which is disproportionately low, the 
interrelationships of the lipid components in his 
liver are relatively well retained. The pattern of 
lipids in the liver of A45460 is very much the 
same, except for larger proportions of cholesterol 
and neutral fat. Both these patients had the char- 
acteristic hypolipemia of portal cirrhosis. 

When allowance is made for the fibrous tissue 
m the liver of A47621, neutral fat and cholesterol 
appear to be elevated, while lipid phosphorus is 
depressed. Much central necrosis was found in 
this liver. The cholesterol ratio in both serum 
and liver was greatly elevated in B43742 whose 
liver showed a more diffuse fibrosis than the oth- 
ers with some evidence of bile-stasis 
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DISCUSSION 

Although the amount of work involved in these 
lalyses is large, the definite conclusions that can 
» drawn from them are comparatively meager, 
'he material studied was so large and varied that 
0 single condition was exhaustively examined, 
.’he investigation can be regarded only as a pre- 
iminary survey. The results are highly sugges- 
ive. They raise the hope that possibly such par- 
iitions of lipids may prove a more accurate means 
than the rather empirical tests thus far employed 
for the differentiation of hepatic disease and dis- 
orders. They may give more information than 
measurements of cholesterol and its fractions, to 
which attention has been largely confined. This is 
to be expected from experimental studies of die- 
tary fatty livers' and toxic hepatitis, in which it 
has been found that the formation of a balanced 
mixture of phospholipids is essential to the proper 
function of the liver and the orderly metabolism 
of fat (3.). 

Obstruction of the biliarj' passages appears to 
lead regularly to the accumulation in the serum of 
cholesterol, of phospholipids and, to a lesser e.x- 
tent, of neutral fat. The character of the choles- 
terol is also altered. Instead of consisting chiefly 
of esters, free forms predominate; esters are not 
only relatively, hut absolutely, reduced. Avail- 
able information indicates that cholesterol esters 
occur in the cells of only those organs or tissues 
in which there is active sterol metabolism: the 
liver, testes, adrenals, etc. This suggests that the 
metabolism of cholesterol is linked with the for- 
mation of esters. It has now been demonstrated 
that cholic acid is produced from cholesterol (24). 
In addition, large amounts of cholesterol are 
poured into the bile, chiefly in the free state. It is 
conceivable that obstruction to the escape of bile 
hacks up these materials and retards the processes 
by which they arc formed in the liver. This 
would explain the accumulation of free cholesterol 
in the serum and the reduction of esters. It has 
been demonstrated that administration of c.xccs- 
sive amounts of cholesterol to rats is one of the 
most cfTcctive methods of producing fatty livers 
(2o to 29). The proportions of cholesterol esters 
in the livers of such rats arc unusually large (25 
to 29), while in th.e Mood scnmi they are reduced 
ol). Tlic formation oi p'lospliolipids is dis- 


turbed, and the turnover of these compounds in 
the liver is retarded in this condition (32, 33). 
Cholesterol may compete vdth phospholipids for 
suitable fatty acids. Both cholesterol esters and 
phospholipids in proper proportions may be re- 
quired for the orderly conduct of hepatic lipid 
metabolism. Whether all the phospholipid com- 
ponents of the serum are equally disturbed or 
whetlier the proportions of these components are 
altered by biliary obstruction remains to be deter- 
mined. If the condition is similar in origin to the 
cholesterol fatty liver, it should respond to the ad- 
ministration of choline and other lipotropic factors 
(34). Some workers (35, 36) have, indeed, 
shown that in experimental biliary obstruction 
fatty infiltration of the liver can be minimized by 
the administration of high protein diets. 

When the parench}'ma of the liver is profoundly 
insulted by poisons or other destructive agents, 
the serum lipids appear to decrease. At the same 
time, the pattern of lipids is distorted in much the 
same manner as it is in biliary obstruction. This 
suggests that the maintenance of proper concen- 
trations of lipids in the serum depends upon the 
presence of an adequate quantity of liver tissue, 
while the preservation of the normal pattern of 
lipids depends on the orderly function of the liver 
cells. This hypothesis would e.xplain the fact that 
in cirrhosis concentrations of lipids are usually 
low, while patterns are little disturbed. Altliough 
the quantity of functioning liver tissue in cirrhoscs 
is greatly reduced, the remaining cells may be 
comparatively normal. Distortions of patterns 
observed in particular cases would suggest that in 
these there is a more active process at work. It 
may be of some significance that sucli distortions 
were encountered more frequently in patients with 
atypical than they were in patients with tj-pical 
cirrhosis. 

In hepatitis 2 distinct tj'pes of disorders were 
seen. Certain cases had initial h)'per]ipemia, re- 
sembling in character, but seldom cqtialling in 
magnitude, that of obstructive icterus. Increases 
of cholesterol and lipid phosphonis were more 
moderate, while increases of neutral fat were 
greater in hepatitis. In other patients with in- 
fectious hepatitis and in the patients witli t‘'-xic 
hepatitis, cholesterol and lipid pi;os;:;:orus ■.vere 
low with an c.xtrcmc dc.ficicnca’ of choie'tero! 
esters. Qinical evidence suggests tr.r.t i:;e hv:*-r- 
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lipemic cases had a greater degree of biliary ob- 
struction than the others. If the hypotheses ad- 
vanced above are sound, this should yield a hyper- 
lipemia like that of biliar}^ obstruction, but of 
smaller magnitude because of the injury to the 
liver cells. It is possible that the difference be- 
tween the hyperlipemic and h 3 'polipemic cases 
may depend upon etiological factors ; it may prove 
to have prognostic significance. 

The experiments with lipotropic agents offer 
little encouragement to the use of these agents, 
although they may have been of some benefit to 5 
of the patients. This does not mean that these 
agents may not be useful therapeutic aids, but 
only that the cases or the dosage may have been 
improperly selected. There is experimental evi- 
dence that choline or methionine may prevent or 
alleviate tlie hepatic lesions produced by certain 
liver poisons and diseases (1, 2, 37). These and 
other lipotropic agents will preserve the lives of 
pancreatectomized animals (38, 39). They will 
prevent or eliminate fatty infiltrations that result 
from dietary deficiencies. It has been suggested 
that similar fatty infiltrations characterize dis- 
eases of the liver arising from other causes. The 
series of liver analyses is all too small to warrant 
any generalizations or attempts to correlate lipid 
patterns of serum and liver closely. Like the 
serum analyses, it suggests that such correlations 
may be found by further studies of a similar na- 
ture. The diversity of the disorders in both sera 
and livers may explain the inefficacy of choline 
...and other lipotropic agents in the cases to which 
they were given in this study. The benefits that 
may accrue from adding chemical analyses to 
morphological techniques is especially evident in 
such cases as 28639. This is more feasible with 
respect to lipids than to other compounds, since 
the lipids appear to be comparatively stable. It 
should be particularly informative when applied 
to the liver because this organ plays such an im- 
portant role in the metabolism of lipids. 

SUMMARY AND CONCLUSIONS 

The serum lipids have been fractionated on 174 
occasions in 70 patients with diseases of the liver 
and bile ducts. 

Total cholesterol and lipid phosphorus are ele- 
vated in the serum of patients with biliary ob- 


struction, returning to normal when the condition 
is relieved by operation. They arc also high in a 
certain proportion of patients with biliary cirrhosis 
and with infectious hepatitis. The latter group is 
composed cliicfly of subjects who have had in- 
tense jaundice at the onset of their illness, with 
acholic stools. Tliis suggests that hyporlijicniia 
is a product of biliary obstruction. 

Cholesterol and lipid phosphorus are normal or 
subnormal in most patients with portal cirrhosis, 
tending to fall as the disease advances. In ju- 
tients with toxic hepatitis and some with infectious 
hepatitis, these lipid components arc also reduced. 
This suggests that hypolipemia arises from c.k- 
tensive degeneration or destruction of liver pa- 
renchyma. 

Neutral fat in liver disease seldom rises above 
the upper normal limits. It is, however, usually 
above the average normal, and occasionally greatly 
elevated, in obstructive icterus and infectious he- 
patitis, falling when obstruction has been relieved 
or when the hepatitis subsides. 

The most frequent disorder of serum lipids in 
liver diseases is an increase of the ratio of free to 
total cholesterol. Free cholesterol is usually not 
only relatively but absolutely increased, while 
there is usually a deficiency of esters. 

The relation of phospholipids to cholesterol in 
normal subjects has been redefined. In liver dis- 
ease, especially in those disorders attended by 
hyperlipemia, the ratio of lipid phosphorus to 
cholesterol is greater than normal. 

The two ratios, free cholesterol : total cholesterol 
and lipid.phosphorus : total cholesterol, are differ- 
ently and somewhat characteristically altered in 
various diseases of the liver. 

Choline chloride and other lipotropic agents 
were given to a small series of patients with dis- 
eases of the liver, without definitely beneficial 
effects. 

The lipids of the sera of 9 patients have been 
compared with the lipids of samples of liver ob- 
tained at autopsy. 


44700, in addition to her hepatic condition, had diabetes 
and necrobiotic lesions of the extremities. These began as 
purplish nodules, the centers of which became necrotk and 
later ulcerated. Cultures of the necrotic material before 
ulceration were sterile; biopsies of the ulcers revealed 
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only chronic inflammation. On the legs, the ulcers be- 
came confluent and quite extensive. Two years before 
she came to the New Haven Hospital, she had a period 
of intermittent jaundice without abdominal pain. Her 
liver was considerably enlarged. She died after entero- 
stomy for symptoms suggesting intestinal obstruction. 
Post mortem examination revealed chronic cholec 3 'stitis 
and both extra- and intrahepatic cholangitis, stones par- 
tially obstructing the common bile duct, adhesions and 
abscesses around the gall-bladder, and abscesses in the 
liver. During her course of 2^4 years in the hospital, she 
had jaundice of variable intensity, usually slight. The 
diabetes was satisfactorily controlled. 

B43797, female, born in 1875. For 20 years before ad- 
mission on June 14, 1943, she had suffered from attacks 
of right upper quadrant pain, distention and eructations, 
lasting 1 or 2 days. Three weeks before admission she 
had sharp pain in the same area, followed shortly by 
chills, fever, jaundice, light-colored stools, and dark urine. 
On admission the temperature was 103.4° F., the liver 
considerably enlarged and tender with a mass below it 
suggesting the gall-bladder. At operation on June 21, a 
hard tumor of the pancreas was reported and a cholecysto- 
jejunostomy was performed. Because fever and symp- 
toms did not subside, an external choledocho-duodenostomy 
was performed on July 20. She -died 4 days later with a 
biliary fistula. Autopsy revealed a carcinoma of the pan- 
creas which' had obstructed the common bile duct and in- 
vaded the liver. No normal pancreatic tissue except a 
few islands of Langerhans could be found. 

B36812, female, born in 1914. In 1941, she was ad- 
mitted to another hospital because of excessive menstrual 
bleeding, fever, and icterus. January 19, 1943, she was 
admitted to the New Haven Hospital because of increas- 
ing weakness and insomnia, continued menorrhagia, with 
tingling and numbness of the c.xtrcmitics, obviously alco- 
holic. She confessed to drinking a pint of whiskey a day 
but contended that she had developed this habit only after 
the attack of jaundice mentioned above. Because of the 
alcoholism, a moderately-enlarged liver, asdtes and telan- 
giectases, a diagnosis of poi4al cirrhosis was made. The 
cephalin flocculation test was 4 plus, the prothrombin 
time normal, there was 28 per cent retention of brom- 
suUalcin at the end of 30 minutes, and she was slight!}- 
icteric. She was readmitted March 25, in shock, almost 
exsanguinated from vaginal bleeding, and died before 
cither diagnostic or therapeutic measures could be insti- 
tuted. Post mortem examination revealed only the slight- 
est fibrosis of the liver whicli ^vas tremendous. The 
hepatic cells were profusely infiltrated with fat. Tire 
pancreas, except for some islands of I-angcrhans, was en- 
tirely replaced by fibrous tissue, the remnants of the ducts 
were dilated, and the main duct was occluded near its en- 
trance into the eiuoilcnutn. for no di'eovcraMc cause. 

386,1'), fcnulc, lv?m 1913. On May 25. 1943. tb.c p.it:fnt 
aKirtcsl after insertion of a c-Uh.cter into the uterus. The 
al'ortien was followe.l by profu*c Iicmorrhagc. On Mav 
37. .she was admitted to the hospital in csonui and shod:, 
with a M(x>d pressure of She was given two KO 


ml. transfusions of whole blood and some sulfadiazine. 
Fifteen hours later, deep jaundice w-as noted. In spite of 
further transfusions and all other therapeutic measures, 
she did not respond, dying on June 2. She was given, 
among other things, 10 grams of choline parenterally on 
May 30 and May 31. The blood culture yielded a pure 
growth of E. coll. On May 29, the cephalin flocculation 
test was 3 plus and the icterus index 100. Notwithstand- 
ing these evidences of liver damage and the abnormal 
serum lipids, the liver post mortem appeared altogether 
normal both grossly and microscopically. Acute endo- 
metritis and pelvic cellulitis were discovered. It is sus- 
pected that the patient had used drugs as well as me- 
chanical means to promote abortion. 

A57138, male, bom in 1889, had been heavily alcoholic 
since youth and had been seen in the hospital and emer- 
gency ward on various occasions in a state of acute alco- 
holism. His eating habits were extremely irregular, his 
diet poor; on one occasion he was suspected of vitamin 
deficiency. On November 8, 1944, he initiated an alco- 
holic spree by drinking a pint of rubbing alcohol on a bet. 
On November 14, he came to the Emergcney ward of the 
New Haven Hospital, weak and tremulous, complaining 
of a headache and epistaxis. The latter had recurred at 
intervals for 2 days. On November 16 he was admitted 
to the hospital after vomiting blood. He had eaten little 
since the beginning of his drinking bout. He appeared 
seriously ill and dehydrated, his liver was slightly en- 
larged, and he had some tenderness in the calves. The 
next day he became deeply icteric. Vomiting and epistaxis 
continued at intervals and ecchymoscs appeared at the sites 
of parenteral fluid injections. He lapsed into coma in the 
course of the day. From the time of admission until his 
death he passed no urine and only 120 ml. could be ob- 
tained by catheter. This contained albumin, casts, and 
lcukoc}-tc5. He died November 18 after a conmision, 
despite all therapeutic measures, including frequent par- 
enteral administration of large amounts of fluid confin- 
ing carbohydrate in adequate quantities. The cephalin 
flocculation test was strongly positive, the icterus index 
100, and bromsulfalcin retention more than 50 per cent 
at the end of 30 minutes. The liver was gro.<fIy fatt.v, 
the pancreas normal, spleen not enlarged. There wac e.x- 
tensive degeneration and necrosis of the epithelium of the 
convoluted tubules of the kidneys. 

19694, male, born in 1913, was .admitted tei t!ie N’f.v 
Haven Hospital on March 5, 1943. For a!«ut 8 
he had been exposed in his occupation to an ro-.ardc 
halide preparation. He co:’.ti:iued to work for a v, eek 
after the appearance of jaundice. 3 weeks ’•cure r.dr:’;-.- 
sion, but w.as then forced to desist Ixcau-'c nf v.-c s 
and vomiting which incrc-isc-! stccidily. On .’.f.arc'; 3. 
bloo-l was noted in the vomitu', and rn ’.fare:; 4 ?e ?•'- 
came stuporous. On ed.-u;'*;--:: he was r-nu-.t-'e. 
ja-undicc-j, and rctchfn.-. Ti;'rc -.'.a- a ;c; ;'.-.r r;"’: f'; ! 
hack. The icterus index wa' grrr.ter then 135, 1:- d - 1 
witliiu 34 h-ur*. :\\ au-> p'v, !;-.?r vC' 
prof’J*c herr-.-rriu^i-'s anl cxter-'i-.c v.-.zrr-'' . •„ •' 
evidence c: rtgtr.tratiru. 
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A47621, female, born in 1908, had been treated for 
syphilis from 1935 to 1937. Both Kahn and Wasscrmann 
lests were negative. Enlargement of the liver and spleen 
|s'ere discovered when she was admitted to the liospital in 
Iff39 because of alcoholism and lysol poisoning. She was 
ladmittcd in 1942 because of a fissure in ano, external 
hemorrhoids and a secondary anemia. The last probably 
irose from rectal bleeding together with malnutrition. 
The liver was again noted to be slightly enlarged. On 
January 4, 1943, she again entered the hospital with 
erysipelas of the left leg. This time she had slight ascites 
and subcutaneous edema. The lipid studies were made 
after the erysipelas had subsided. On April 29, she re- 
turned to the hospital in shock, almost exsanguinated 
from a ruptured esophageal varix, and died an hour later 
despite transfusion and infusions. Autopsy revealed a 
distinct portal cirrhosis with rather extensive acute necro- 
sis in the central portions of the islands of liver tissue. 

B436S8, male, born in 1884, was first seen in the Dis- 
pensary on March 31, 1943, with a history of edema of 
the feet and legs for 2 to 3 weeks, with exertional dyspnea, 
unproductive cough, and scleral icterus, with light-colored 
stools for a week. He had an enlarged heart, ascites, a 
large liver, and marked edema of the legs. There was no 
alcoholic history. The icterus index was 20. He was 
admitted to the New Haven Hospital May 29, somewhat 
stuporous, with edema up to his nipples. On May 31, his 
gums began to bleed, and on June 2 gross rectal bleeding 
was noted. The next day his temperature rose sharply to 
104.6° F. He died June 4. The icterus index was 35, the 
cephalin flocculation test 2 plus. Autopsy revealed a clas- 
sical picture of portal cirrhosis with enormous amounts of 
fibrous tissue and small islands of liver tissue in which 
the cells appeared relatively normal. 

A45460, male, born in 1883, was in the habit of con- 
suming 4 to 5 quarts of beer daily in addition to an oc- 
casional glass of whisky. In 1939, he was admitted to the 
New Haven Hospital because of nausea, vomiting, diar- 
rhea, and jaundice. The liver was greatly enlarged, the 
icterus index 55. He ran a febrile course for 2 weeks, 
after which he gradually improved, the liver diminishing 
in size and jaundice receding. He was again admitted to 
the New Haven Hospital November 12, 1944, with ascites 
of 8 weeks’ duration, productive cough, exertional dyspnea, 
and bleeding from the rectum. His abdomen was greatly 
distended with fluid. After removal of 10 liters, the liver 
could just be felt beneath the costal margin; the spleen 
was never palpable. Skin and sclerae were moderately 
icteric, the icterus index was 50, and bromsulfalein reten- 
tion 24 per cent at the end of 30 minutes. On November 
15, he suddenly vomited bright-red blood, his blood pres- 
sure fell progressively, and he lapsed into coma. He died 
later in the day. His blood sugar shortly before death 
was 46 mgm. per cent. Post mortem examination re- 
vealed an advanced portal cirrhosis of the liver in which 
the connective tissue and, to a lesser extent, the islands of 
parenchyma were densely infiltrated with mononuclear 
cells and with numerous polymorphonuclear leukocytes. 

B43742, male, born in 1889. In 1926, during a cho- 
lecystectomy, some generalized fibrosis of the liver was 


noted. In 1939 or 1940, enlargement of the liver v,-a‘ 
ported. From November, 1942, he noticed incre.n 
malaise, loss of weight, anorexia and flatulence. Ei 
in March, 1943, after a cory/n, he was seized with st. 
hing pain in the right axilla, accompanied hy a cout 
and a temperature of 101° F. Five days later, janndi. 
appeared and increased stcadili'. Shortly after this, the 
stools became black from changed Idood. He was ad- 
mitted to another hospital, deeply jaundiced, with a large 
liver and fever. Because of anorexia, vomiting, and 
hiccough he was unable to cat and deteriorated rapidly. 
On March 3, he was transferred to the New Haven Hos- 
pital in a stuporous state, extremely emaciated, with tense 
ascites, and a huge liver. He died on Jvfarch 6. The 
icterus index was 60, ccplialin flocculation 3 plus, pro- 
thrombin time 120 seconds (normal control 12.8). Au- 
topsy revealed diffuse fibrosis of tiic liver without large 
scars, some necrosis of the liver cells, some proliferation 
of the bile ducts, and moderate evidence of biliary stasis. 
Little sound liver tissue remained. In addition, there was 
carcinoma of the liver. The sample for analysis was 
taken from an area free from carcinoma. 
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Numerous studies of the serum or plasma pro- 
teins in malaria have shown that there is a de- 
pression of albumin and a relative rise of globulins 
following paroxysms. Two workers (1), from a 
review of the earlier literature and from experi- 
mental studies with monkey malaria, concluded 
that, while the changes were not specific for ma- 
laria, the amount of change generally correlated 
with the intensity of an attack. In the interval 
between relapses, the serum total protein and 
albumin : globulin values tended to return toward 
normal, an improvement that was accelerated by 
treatment. Later observations on human subjects 
(2 to 4) have also been in accord with these 
findings. 

Although it has been suggested (5) that the in- 
crease in the serum fraction precipitable by 13.5 
per cent sodium sulfate might be sufficiently char- 
acteristic of the disease to be the basis of a diag- 
nostic test for malaria, the subsequent use of this 
test (6) indicated that similar increases would 
also be encountered in a variety of other diseases. 

All previous studies have been made with some 
type of salt fractionation. The purpose of the 
present study was to supplement these earlier ob- 
servations by electrophoretic analyses, and to as- 
certain whether or not any test based upon 
changes in the plasma protein pattern might be 
of diagnostic use in the group of patients with 
relapsing malaria. 

PROCEDURE 

The 8 subjects studied were admitted because of ma- 
larial relapses. All had first been exposed to infection 
about 12 months prior to admission. In the intervening 
period they had had a variable number of relapses (2 to 
12) but no complications. Their nutritional status was 

1 The Bureau of Medicine and Surgery does not neces- 
sarily undertake to endorse views or opinions which are 
expressed in this paper. 

-Lieutenant Commander, Medical Corps, United States 
Naval Reserve. 


good owing to the prompt medical attention that they 
had received for each relapse. Records of earlier attacks 
indicated that several of the patients at least had origi- 
nally had mixed infections (P. vivax and P. falciparum) 
but at the time of these studies the falciparum parasites 
had apparently disappeared as only viva.v forms were 
found in numerous blood smears. Wliilc the group is re- 
stricted rather than representative of more extreme cases 
of the disease, the subjects arc typical of the otherwise 
healthy patients in whom it is desired to recognize latent 
infection prior to a relapse. 

Each of the 8 patients was allowed to have 3 paroxysms, 
which were tolerated without undue discomfort. At the 
time of the third paroxysm, the course of the disease was 
interrupted with atabrinc or quinine therapy in all but 1 
patient (Sch.). This patient spontaneously arrested his 
paroxysms after the second. On the morning following 
admission a fasting blood sample was taken for determina- 
tions of the plasma protein concentration by the Kjeldahl 
method, the albumin : globulin ratio by salt fractionation, 
and for electrophoretic analysis by procedures previously 
described (7). Subsequent samples were taken at various 
times as indicated in Table I and in Figure 1. 

RESULTS AND DISCUSSION 

Although the total protein concentrations re- 
mained within normal limits, the albumin : globulin 
ratios were found to be depressed both in the 
chemical and in the electrophoretic analyses, thus 
confirming reports in the literature. It is seen 
(Table I, Figure 1) that the globulin increase 
occurs principally in the fibrinogen and the y glo- 
bulin fractions. The latter is of interest both be- 
cause it probably carries antibody activity (8) 
and because it presumably is the main fraction 
precipitated from serum by 13.5 per cent sodium 
sulfate. 

The significant fact, however, is that the pat- 
tern tends to return to normal despite persistent 
infection after the paroxysms are interrupted by 
treatment. Each of the patients of Figure 1 (Sp., 
Tr.) had a further relapse not due to reinfection 
with 2 months of discharge from the hospital. 
The abnormalities in protein pattern thus appear 
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TABLE I 

Plasma protein data from six malarial patients 

Days are counted from the first paroxysm of the current relapse. The last 6 columns give the fractions of the total 
protein furnished by the components: Albumin, on, at, and /3 globulins, fibrinogen, and y globulin. Note that the average 
includes data given graphically in Fig. 1. The normal values are from reference 7, 
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to be due to host reaction to the acute process of a 
paroxysm ratlier than to the mere presence of 
parasites in tire body. Moreover, the non-specific 
nature of the y globulin rise is attested by the in- 
crease of this component after streptococcal infec- 
tions as described in the following paper. 

The average mobilities of plasma protein com- 
ponents were within normal limits in the malarial 
plasmas (Table II), indicating tliat there was no 
detectable amount of protein with unusual 
mobility. 

In more severe forms of malaria, an extreme de- 
pression of albumin concentration may occur, as 
shown by the data of Table III. This patient,® 
not included in the averages of Tables I and II, 

* Seen through the courtesy of Dr. Harry Jfost. 


was a woman, age 22, who came under medical 
observ^ation only after having suffered severe un- 
treated P. jalciparum malaria for 3 weeks. The 
apparent increase in mobilities of all components 
is probably due merel}'^ to tlie greater dilution of 
proteins. 

It appears necessaiy' to conclude that methods 
based on changes in relative concentrations of the 
plasma protein components are of no diagnostic 
value, both because the changes that do occur are 
non-specific and because the pattern tends to re- 
turn to normal despite persistent infection. It is, 
however, probable tliat determinations of the total 
protein concentration and of the albumin : globulin 
ratio would be useful adjuncts in craluating the 
severity of the disease. 
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Fig. 1. Time Changes in the Electrophoretic Plasma Patterns of 2 Patients 

Shown on the ordinates are the total protein concentration, the electrophoretic albumin : globulin ratio, and the 
ratios to total protein concentration (T) of albumin and of the globulins (ai, Oz, p, 0 , 7 ), where 0 denotes fibrino- 
gen. Normal average values for these are given by the light horizontal lines, while normal ranges (of 1 stand- 
ard deviation) are shown by the heavy brackets at the left. Note that the ordinate scales for drug dosage dif- 
fer in the 2 cases, although the units (grams per day) are the same. 
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Data obtained from 1 patient with severe untreated P. falciparum malaria 
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SUMMARY 

1. Eight patients with relapsing P. vlvax ma- 
laria were found to have normal total protein con- 
centrations, but depression in albumin and in- 
creases in the globulins, notably fibrinogen and y 
globulin. 

2. In the 2 of these patients that were studied 
by repeated electrophoretic analyses, the plasma 
patterns tended during subsequent weeks to re- 
turn to normal, despite persistent infection as 
proven by later relapses. 

3. The 1 patient with severe P. jalciparum ma- 
laria was found to have an extreme depression of 
total protein concentration, due mainly to reduc- 
tion in albumin. 

4. It is concluded that the changes in the plasma 
protein pattern are. of no diagnostic value, but that 
measurement of the total protein concentration 
and the albumin ; globulin ratio may be of aid in 
evaluating the severity of the disease. 

The authors are indebted to Drs. T. Shedlovsky and 
D. A. Macinnes for their generosity in making available 
the electrophoretic equipment used in this study. 


BIBLIOGRAPHY- 

1. Ghosh, B. N., and Sinton, J. N., Quantitative changes 

in the proteins of the blood sera of monkeys in- 
fected with malarial plasmodia. Rec. Malaria Sur- 
vey India, 1935, 5, 173. 

2. Chopra, R. N., Mukherjee, S. N., and Sen, B., Studies 

on the protein fractions of blood sera. Part III: 
Malarial sera during and after the rigor stage. 
Indian J. M. Research, 1935, 22, 571. 

3. Boyd, M. F., and Proske, H. O., Obsenations on the 

blood proteins during malaria infections. Am. J. 
Trop. Med., 1941, 21, 245. 

4. Kopp, I., and Solomon, H. C., The relationship of hypo- 

albuminemia to the edema of malaria. Am. J. M. 
Sc., 1941, 202, 861. 

5. Proske, H. O., and Watson, R. B., The protein tyrosin 

reaction. A biochemical diagnostic test for ma- 
laria. Pub. Health Rep., 1939, 54, 158. 

6. Swartzwelder, J. C., and Adams, C. C, Studies on the 

protein tyrosine reaction as a diagnostic test for 
malaria. Am. J. Trop. Med., 1941, 21, 717. 

7. Dole, V. P., The electrophoretic patterns of normal 

plasma. J. Clin. Invest., 1944, 23, 708. 

8. Enders, J. F., The concentrations of certain antibodies 

in globulin fractions derived from human blood 
plasma. J. Clin. Invest., 1944, 23, 510. 



ELECTROPHORETIC CHANGES IN THE SERUM PROTEIN PATTERNS OF 
PATIENTS WITH SCARLET FEVER AND RHEUMATIC FEVER ^ 

By VINCENT P. DOLE,2 ROBERT F. WATSON, = and SIDNEY ROTHBARD, with 
THE TECHNICAL ASSISTANCE OF ESTHER BRAUN AND KENNETH WINFIELD 

{From the United States Navy Research Unit at the Hospital of The Rockefeller 

Institute for Medical Research) 

(Received for publication January 30, 1945) 


It is generally recognized that rheumatic fever 
is usually, if not always, preceded by a group A 
streptococcal infection. On the other hand, only 
a few of those individuals who suffer streptococcal 
infections develop clinical attacks of rheumatic 
fever. This fact makes it probable that the de- 
velopment of rheumatic fever also involves some 
peculiarity in the host reaction to the infection. 
Although immunological changes have been shown 
to occur in the sera of patients with streptococcal 
infections and rheumatic fever (1 to 8), there 
has been no systematic study of the alterations in 
the overall pattern of serum proteins under these 
conditions. Since the changes in tlie serum pro- 
tein pattern furnish additional data for a descrip- 
tion of the host reaction, it seemed desirable to 
follow these changes in individuals who developed 
rheumatic fever following scarlet fever and in a 
control group of patients who had scarlet fever 
but did not develop rheumatic fever. 

MATERIAL AND METHODS 

Sera were collected at weekly intervals throughout the 
hospital stay of 110 patients originally admitted with 
scarlet fever. These sera were stored in sterile tubes at 
4° C. without preservative. Also at weekly intervals, the 
white blood cell count, erythrocyte sedimentation rate, 
and serum antistreptolysin 0 titer were determined; an 
electrocardiogram was taken, and cultures were made 
from the nose and throat. Six subjects were selected for 
electrophoretic study. This group, limited in size by the 
time required for analyses, was chosen to provide clini- 
cally typical examples of rheumatic fever following scarlet 
fever with comparable controls. None of the patients 
had previously suffered rheumatic fever or chorea. 

The electrophoretic analyses were made in diethylbar- 
bituric acid buffer (m = 0.1, pH = 8.6) (9). Normal 
plasma standards, obtained by this method (10), were 

1 The Bureau of Medicine and Surgery does not neces- 
sarily undertake to endorse the views or opinions which 
are expressed in this paper. 

- Lieutenant Commander, Medical Corps, United States 
Naval Reserve. 


adjusted to a scrum basis for the present study on the 
assumption that the loss of fibrinogen removed 5 per 
cent of the total protein. As a result of storage of sera, 
some specimens were as old as 18 months when analyzed. 
It is assumed that aging of the sera did not cause clcctro- 
phorctically detectable changes except a slight reduction 
of P globulin due to dissociation of lipid. Probably for 
this reason the usual P globulin disturbance in the de- 
scending channel was absent in aged sera, although pres- 
ent in fresh specimens. The use of aged sera for a 
quantitative study cannot be justified by direct evidence, 
but it appeared quite definite that obscrv’cd changes cor- 
related with the stage of the disease rather than merely 
with the age of the serum sample. 

The erythrocyte sedimentation rate (ESR) w'as de- 
termined by the Westergren method (11), using 3.8 per 
cent sodium citrate as anticoagulant. 

The serum antistreptolysin 0 titer (ASO) was meas- 
ured by the dilution technique of Todd (12) as modified 
by Hodge and Swift (13). 

Nose and throat cultures were made in duplicate on 
fresh rabbit and sheep blood agar plates. The hemolytic 
streptococci were grouped and typed by the precipitin 
technique (14). 

Sera from 3 different patients were absorbed with 18- 
hour cultures of streptococci in attempts to elucidate the 
nature of 7 globulin rise. The strains had been preserved 
in the dried state, according to the technique of Swift 
(15). In each absorption, a mixture of 2 parts of serum 
with 1 part of packed, living bacterial cells (washed once 
with sterile saline) was incubated 30 minutes at 37° C. 
Electrophoretic analyses were tlien made on absorbed 
serum, cleared by centrifugation, and on an unabsorbed 
control portion. 

Subjects of the study 

Rheumatic Fever (Figure 1), J. K. (No. 11371), a 
25-year-old male, was admitted on the 4th day of illness 
with moderately severe scarlet fever due to group A, 
type 19 hemolytic streptococcus. From the 7th to 18th 
day of his illness, he was given sulfadiazine in treatment 
of a marked purulent nasal discharge and continued low 
grade fever. While under this treatment he became 
asymptomatic and afebrile. On the 22nd day of his ill- 
ness, however, he developed anorexia, and general malaise, 
followed in several days by fever, and migratory joint 
pains with a secondary rise in the erythroc 3 d;e sedimenta- 
tion rate and first degree A-V heart block. These 
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symptoms abated under treatment with aspirin, for which 
aminopyrine was later substituted because of abdominal 
discomfort. Convalescence was thereafter uneventful ex- 
cept for a transient disturbance due to a furuncle on the 
leg. This patient was selected for study because he de- 
veloped a typical attack of rheumatic fever with a single 
cycle of activity and a relatively high antistreptolysin 0 
titer following scarlet fever. 

Bacteriology. Nose and throat cultures, done weekly, 
showed the persistence of type 19 streptococci from ad- 
mission to the 106th day. In addition, two other group A 
strains were recovered: a type 6 on the 7th day and an- 
other strain, not belonging to one of the known types, on 
the 19th day. The type 19 strain was presumed to have 
been the cause of the scarlet fever since the patient con- 
tracted his disease during an epidemic due to this type, 
which was also recovered in pure culture on admission. 
The unidentified type persisted throughout the hospital 
stay. 

Rheumatic Fever (Figure 2), G. S. (No. 11328), a 32- 
year-old male, was admitted on the Sth day of a mild 
scarlet fever attack due to group A, type 19 hemolytic 
streptococcus. Within 3 days he became asymptomatic. 
From the 12th to 17th day of illness he received sulfa- 
diazine in an unsuccessful attempt to clear his carrier 
state. On the 20th day he was asymptomatic ‘with a nor- 
mal erythrocyte sedimentation rate, but he had a leuko- 
cytosis of 20,000, and showed in the electrocardiogram 
diphasic T-waves in leads II and III with low amplitude 
of the T-waves in the limb leads. On the 35th day, he 
developed pains in the left shoulder and both wrists, with 
fever, increased pulse, partial A-V heart block, and a 
secondary rise in the erythrocyte sedimentation rate. In- 
volvement of other joints occurred to the 38th day when 
he was started on salicylates with prompt clinical re- 
sponse. During the month following withdrawal of this 
medication on the 78th day, the erythrocyte sedimenta- 
tion rate became elevated but he remained asymptomatic. 
Through the subsequent 4 months he remained asympto- 
matic with a normal sedimentation rate, but continued to 
have slight leukocytosis, and changes in the form and di- 
rection of the T-waves in leads I and II of the electro- 
cardiogram. During the final month, these abnormalities 
were absent. At no time was there evidence of valvular 
disease. This patient was selected for study as a typical 
rheumatic fever subject. In contrast to the history of pa- 
tient J. K., the onset of his rheumatic fever was more 
insidious, the course was more protracted, and the rise 
of antistreptolysin 0 titer was only slight. 

Bacteriology. The type 19 streptococcus was found in 
weekly nasopharyngeal cultures throughout his entire 
hospital stay. 

Rheumatic Fever (Figure 3), F. H. (No. 11574), a 23- 
year-old female, was admitted on the 2nd day of her ill- 
ness with severe scarlet fever due to group A, type 17 
hemolytic streptococcus. During the next 4 days she 
continued to appear toxic, then gradually improved but 
did not become afebrile until after the 15th day of illness. 
The appearance of pain in the cervical spine on the 5th 
day of illness was followed by variable, low-grade pains 


in the knees, left wrist, and left shoulder, during the en- 
suing 3 weeks. A typical attack of riicumatic fever de- 
veloped about tlic 30tli day with fever, increased pulse 
rate, leukocytosis, partial A-'V heart block, secondary rise 
in the erythrocyte sedimentation rate, and recurrent joint 
symptoms. At tliis time, there was a systolic murmur at 
the apex. On tlic 50tli day, she was started on aspirin 
therapy, whicli was continued over tlic following 8 months. 
Despite the medication she continued to have intermittent 
joint pains until the last month. During the 4th month, 
an aortic diastolic blow was first noted; at this time a 
subcutaneous nodule was found over the right patella. At 
the time of discharge to another hospital on the 299th 
day, she was asymptomatic on 9.5 grams of aspirin daily. 
The heart was of normal size with an aortic diastolic 
blow. She was selected for study as an example of rheu- 
matic fever with a protracted course. 

Bacteriology. The type 17 streptococcus was found in 
nasopharyngeal cultures throughout the entire hospital 
stay. 

Uncomplicated Scarlet Fever (Figure 4a), W. K. (No. 
11341), a 19-year-old male, was admitted on the 3rd day 
of illness with fairly severe scarlet fever due to group A, 
tj'pe 19 hemolytic streptococcus. He became asympto- 
matie by tlie 6th day of illness, but was started on sulfa- 
diazine at this time in an unsuccessful attempt to clear 
his carrier state. After an uneventful convalescence, he 
was discharged on the 48tli day. This patient represents 
a typical severe scarlet fever patient with an uneventful 
convalescence. 

Bacteriology. The original type of streptococcus was 
found in weekly cultures of the nose and throat through- 
out the period of observation. 

Uuco7uplicatcd Scarlet Fever (Figure 4b), J. J. (No. 
11291), a 20-year-old male, was admitted on the 3rd day 
of illness with severe scarlet fever due to group A, type 
19 hemolytic streptococcus. A few days after admission 
he became asymptomatic but was started on sulfadiazine, 
followed by nose and throat sprays of Zephiran and tyro- 
thricin in unsuccessful attempts to clear his streptococcal 
carrier state. After an uneventful convalescence, he was 
discharged on the 77th day. This patient, like W. K., 
was representative of patients with uncomplicated scarlet 
fever. 

Bacteriology. The original type of streptococcus was 
found in weekly cultures of the nose and throat through- 
out the period of hospitalization. 

Scarlet Fever Complicated with Purulent Sinusitis 
(Figure 4c), D. S. (No. 11312), a 23-year-old male, was 
admitted on the 3rd day of illness with severe scarlet 
fever due to group A, type 19 hemolytic streptococcus. 
On symptomatic treatment only, he showed gradual im- 
provement until the 13th day, when he first complained of 
pain over the right side of the face. Examination re- 
vealed tenderness and edema over the right antrum; x- 
rays on the following day showed clouding of the right 
maxillary and ethmoid sinuses. Within. 48 hours after 
the institution of sulfadiazine therapy and saline irriga- 
tions of the right antrum, he became afebrile and asymp- 
tomatic. He remained so thereafter until discharge on 
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the 59th day. The patient was selected for study to 
illustrate the effect of a purulent complication of scarlet 
fever in a non-rhcuniatic subject. 

Bacteriology. The original type of streptococcus was 
found in weekly nose and throat cultures to the 34th da}' 
and in the purulent sinus exudate on the 15th day. No 
hemolytic streptococci were found in nose and throat cul- 
tures after the 34th day. 

OBSERVATIONS AND DISCUSSION 

The electrophoretic changes in the serum pro- 
tein patterns of 2 patients with uncomplicated 
scarlet fever, one patient with a purulent complica- 
tion, and 3 who developed typical attacks of rheu- 
matic fever, are illustrated in Figures 1 through 4. 
Marked, systematic changes from the normal 
serum protein pattern (10) were found in all 
cases. The relative concentration of albumin was 
depressed by the attack of scarlet fever, with a 
consequent marked reduction in the albumin- 
globulin ratio. The slow rise toward normal in 
convalescence from scarlet fever was apparently 
delayed by the development of clinical rheumatic 
fever. Of the globulins, was elevated with the 
scarlet fever attack to a relative concentration 2 
to 3 times the normal value, and fell toward nor- 
mal as rapidly in rheumatics as in non-rheumatics. 
The a, globulin, likewise elevated with the scarlet 
fever, tended to maintain an abnormal elevation 
in the rheumatic patients, in accord with the find- 
ing of another group of workers (16). The ^ 
globulin showed no characteristic change. 

Of particular interest are the changes in the 
relative concentration of y globulin since some 
antibodies, at least, are contained in this fraction 
of the serum (17). Indirect support of the pre- 


sumption tliat specific antibodies induced by the 
streptococcal infection also move witli the y glo- 
bulin is found in the general correlation between 
the titer of antistreptoly.sin 0 and the relative con- 
centration of y globulin (Figures 1 to 4). It 
should not be assumed, however, that the rise of 
y globulin was quantitatively due to increase of 
this antibody alone, since in all probability there 
were increased amounts of other antibodies, both 
specific for the infection and anamnestic. An esti- 
mation of the amount of antistreptoly.sin 0 present 
could not be made for want of a suitable technique 
for absorption with the streptolysin 0. 

Absorption experiments were done on the sera 
of 3 patients to determine whether or not an ap- 
preciable part of the y globulin rise might be due 
to antibodies directed toward the somatic antigens 
of the streptococcal cell. In each of the 3 cases, 
the serum was absorbed with the living strepto- 
coccal cells of the strain that had induced the pa- 
tient’s attack of scarlet fever. There was suffi- 
cient serum from only 1 of the patients to include 
a heterologous-type control. As may be seen in 
Table I, no significant changes were found in the 
relative concentrations of y globulin or of the other 
protein components following these absorptions. 
A decrease of at least 10 per cent in the concentra- 
tion of y globulin would have had to occur to be 
significant. The slight decreases in the titer of 
antistreptolysin 0 are about at the limit of experi- 
mental error. If not fortuitous, the)’^ are probably 
due to small amounts of streptolysin introduced 
with the living streptococci. 

Whatever may be the explanation of the rises 
in y globulin, it is clear that these increases in 


TABLE I 


Absorptions of sera with streptococci 

The first 5 rows indicate the fraction of the total serum protein (T) furnished by the serum protein components, 
as estimated from the areas of the electrophoretic patterns. ASO is antistreptolysin O titer 




Patient A. W.t 


Patient D. S. 

Patient J. K. 


Unabsorbed 

Absorbed with 

Absorbed with 

Unabsorbed 

Absorbed with 
patient’s strain 

Unabsorbed 

Absorbed with 


control 

patient’s strain 

heterologous type 

control 

control 

patient’s strain 

Alb./T 

0.436 

0.432 

0.402 

0.448 

0.447 



ai/T 

0.091 

0.108 

0.105 

0.102 

0.095 



«i/T 

0.193 

0.193 

0.214 

0.106 

0.102 

0.155 


PIT 

0.090 

0.099 

0.095 

0.089 

0.093 

0.094 


t/T 

ASO 

0.190 

600 

0.178 

500 

0.184 

500 

0.264 

1000 

0.262 

800 

0.232 



t This patient, not otherwise included in the study, had a typical acute attack of rheumatic fever following a group A, 
tj’pe 5 streptococcal pharyngitis. 
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relative concentration were not correlated with 
rheumatic fever as such, since comparable in- 
creases in this fraction were observed in the non- 
rheumatic who had a purulent sinusitis (D. S.), 
and in a rheumatic (J. K.), while slight to mod- 
erate increases only were found in 2 non-rheu- 
matics (W. K., J. J.) and in 2 rheumatics (G. S., 
F. H.). 

The mobilities of the globulin components, rda- 
tive to the albumin mobility, are given in Table 
11. These values are not precise, owing in part 

TABLE n 

The mean relative mobilities of the globulin components 
relative to albumin 

(Normal standards are calculated from data in reference 10) 



Qfl 

aj 

e 

1 y 

.Normal 

0.854 

0.687 

0.476 

0.172 

Rheumatic 

0.861 

0.674 

0.509 

0.197 

Scarlet fever, 
non-rheumatic 

0.851 

0.679 

0.517 

! 

0.213 


to the variations in protein concentration in the 
samples analyzed. It is also possible that vari- 
ations in the relative mobilities resulted from ag- 
ing of the sera, although no correlation could be 
found between change in relative mobilities and 
age of sera at the time of analysis. It appears, 
despite these uncertainties, that there were no sig- 
nificant differences in relative mobilities to distin- 
guish the sera of the 3 rheumatic subjects from 
those of the 3 non-rheumatic scarlet fever controls. 

The serum protein changes in the non-rheumatic 
patients presumably reflected a host reaction to 
infection with hemolytic streptococci. In the rheu- 
matic subjects, although the original changes can 
be explained equally well by the same host reac- 
tion, the reason for the great delay in return to 
normal is not evident. Persistence of the micro- 
organism in the nasophanuiges was found in the 
non-rheumatic, as well as in the rheumatic sub- 
jects. In view of the non-specific nature of the 
obscn-cd scrum protein changes, it can only be said 
that the protracted changes reflected the physio- 
logical disturbances associated with continued 
rheumatic inflammation. Except, therefore, for 
the greater duration of .abnormalities in these pa- 
tients. tlierc appeared to be no electrophoretic 
cl'.anges that distinguished the sera of patients who 
develojictl rheumatic fever after scarlet fever from 
the sera of patients who had .scarlet fever alone. 


SUMMARY AND CONCLUSIONS 

1. The changes in the serum protein pattern 
were followed by electrophoretic analyses in 6 pa- 
tients originally admitted with scarlet fever, 3 of 
w'hom subsequently developed rheumatic fever. 

2. Systematic, marked changes of a qualitatively 
similar nature were found in both rheumatic and 
non-rheumatic subjects; an early depression of 
albumin tvith rises in the % and a, globulins, and 
a dela3'ed rise in y globulin. These abnormalities 
were, however, more prolonged in tlie rheumatic 
patients. 

3. A general correlation was found between the 
increase in y globulin and the titer of antistrepto- 
lysin 0. In 3 cases tested, no detectable amount 
of y globulin could be removed by absorption with 
the living streptococcal cells of the strain that had 
induced the patient’s attack of scarlet fever. 

4. No significant changes were found in the 
relative mobilities of the globulin components 
either in the rheumatic or non-rheumatic group. 

5. It was concluded that there were no changes 
in the serum protein pattern, detectable by the 
metliod used, to distinguish rheumatic from non- 
rheumatic patients. The greater duration of ab- 
normalities in the rheumatics was assumed to be 
a reflection of the physiological disturbances asso- 
ciated with continued rheumatic inflammation. 

The authors are indebted to Drs. T. Shedlovskj’ and 
D. A. Maclnnes for their generosity in making available 
the electrophoretic equipment used in this study. 
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Dried human blood plasma was previously 
found (1) to be a protein of very poor nutritive 
value as measured by its ability to support growth 
in young rats when it served as the only source 
of protein. Isoleucine was shown to be the chief 
amino acid deficiency under these conditions. 
These results with human plasma and young 
growing rats may be contrasted with the results 
obtained by some workers (2) and by others using 
bovine plasma and hypoproteinemic dogs. They 
found that bovine serum proteins serve well for 
the regeneration of serum proteins in such dogs. 
Whether these differences with respect to the nu- 
tritional qualities of the plasma proteins represent 
(c) differences in the requirement of the 2 spe- 
cies, (6) differences in the requirement of animals 
of different ages, (c) differences in the require- 
ment for growth as compared to serum regenera- 
tion, or (d) a variation in the amino acid compo- 
sition of the proteins used is as yet unknown. 

The nutritive value of plasma or of the various 
plasma proteins may be of importance since cer- 
tain individuals may receive them as the sole 
source of protein at a time when protein require- 
ments are especially high. Albumin is the pro- 
tein most abundant in plasma and the protein 
which may be used in relatively large amounts in 
intravenous therapy. It was of interest, there- 
fore, to detennine the nutritive value of this pro- 
tein as well as the other plasma proteins available 
in sufficient amounts for study and possible thera- 
peutic use. In addition to the rat growth studies, 
wc report observations on the nutritive value of 

> The products of plasma fractionation employed in this 
work were developed by the Department of Pliysicnl 
Oiemistry, Harvard Medical School. Boston. Massachu- 
setts, under contract, recommended by the Comm.ittec on 
Medical Research, between the Office of Scientific Re- 
search and Development and Harvard University. 

This paper is Numl'cr 34 in the series “Studies cn 
riasm.a rrotcin" from th.e Har\-ard Medical School. Bos- 
ton. Mas«.ac!iutett<. on prrv.lnctc desclr.;^^ Py Depart- 
ment of Riiysical Chem.i<:ry fr<m Mood ccllccted by tine 
.•\tncrican Rod Cro<s, 


human albumin as measured by another technique, 
namely, nitrogen balance in the adult dog. 

EXPERIMENTAL 

Rat studies. As in the previous work with plasma 
using young growing rats (1), the plasma fractions re- 
placed sucrose in the purified basal ration composed of 
salt mixture 4 per cent, com oil 4 per cent, and sucrose 
to 92 per cent. Sufficient amounts of the protein sup- 
plements including amino acids, if these were added, were 
used to give a protein content (N X 625) of 20 per cent. 
Thiamine chloride, riboflavin, pyrido.xine hydrochloride, 
calcium pantothenate, nicotinic acid, and choline chloride 
were added in excess of requirements as the crystalline 
compounds, and haliver oil fortified with viosterol was 
fed by dropper twice weekly. 

In Experiment I, groups consisting of 3 rats each, aver- 
age weight 52 grams, ware fed rations in which the only 
source of protein was gamma-globulin, fibrin or albumin 
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from human plasma. Skim milk powder was tlic protein 
used for the control animals. The growth curves arc 
shown in Figure 1. Albumin supported no growth at all 
over this period while fibrin compared favorably with 
skim milk powder and globulin was intermediate between 
these 2 extremes. As the previous experiments with 
whole plasma had shown it to be a relatively poor pro- 
tein (1), it was evident that the amounts of fibrin and 
globulin present in plasma are too low to supplement al- 
bumin adequately. 

Since isoleucine is the limiting amino acid in plasma, it 
was assumed that it was also limiting in albumin. How- 
ever, the composition of the plasma proteins as given by 
another group of workers (3) shows a very low content 
of tryptophane for albumin. These 2 amino acids were 
investigated in Experiment II, the growth curves of 
which are shown in Figure 2. Four groups of young rats 
were fed rations containing 20 per cent albumin with the 
following additions: Group 1, none; Group 2, 0.3 per cent 
/(-) -tryptophane; Group 3, 1.2 per cent rf/-isolcucine; 
and Group 4, 0.3 per cent /(-) -tryptophane and 1.2 per 
cent df-isoleucine. Group 4 was discontinued after a few 
days when it became apparent that growth was rapid 
upon this ration. The other 3 groups were continued 
upon their respective rations until the tenth day when 
both amino acids were added to each ration. The growth 
response was immediate in all cases showing that albumin 
is so low in both of these amino acids as to completely 
prevent growth. Isoleucine and tryptophane are cer- 
tainly the chief amino acid deficiencies for the growing 
rat when albumin is the sole source of protein. 

The approximate amount of each of these amino acids 
that is necessary to give optimum growth in young rats 
was determined in Experiments III and IV. In Experi- 



Fig. 2. The Effect of Isoleucine and Trvptopiia.ve 
Supplements on the Growth of Rats Receiving Al- 
bumin AS THE Sole Source of Protein (Both Amino 
Acids Added on the Tenth Day) 

ment III, 28 rats weighing approximately 60 grams each 
were equally divided into 7 groups. Each group received 
the basal ration containing 1 per cent d/-isoleucine and 
sufficient albumin to give a total of 20 per cent protein 
(N X 6.25) in the ration. /(-) -Tryptophane was added 
at the following levels: 0.0, 0.01, 0.02, 0.03, 0.05, and 0.075 
per cent of the ration. In Figure 3, the gain in weight of 
these groups during a 15-day period is plotted against the 



Albumin Supplemented with 1 Per Cent <//-Isoleucine 
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ABLE I 


Rat growth in relation to tryptophane intake and protein efficiency 


Group 

Albumin 

in 

diet* 

/(— )-Tr>’Ptophane added 

Total tryptophane contentf 

Protein con- 
sumed per 
rat per day 

Tryptophane 
consumed per 
rat per day 

Gain in 
weight per 
rat per day 

Proteint 

efficiency 

To 

diet 

To dietary 
protein 

Diet 

Dietary 

protein 


per cent 

per cent 

per cent 

Per cent 

per cent 

grams 

mgm. 

grams 


1 

19.34 

0.0 

0.0 

0.035 

0.175 

1.00 

1.75 

0.116 

0.12 

2 

19.34 

0.01 

0.05 

0.045 

0.225 

1.44 

3.24 

1.44 

1.00 

3 

19.34 

0.02 

0.10 

0.055 

0.275 

1.49 

4.10 

1.67 

1.12 

4 

19.34 

0.03 

0.15 

0.065 

0.325 

1.53 

4.97 

2.07 

1.35 

5 

19.34 

0.05 

0.25 

0.085 

0.425 

1.81 

. 7.70 

2.81 

1.55 

6 

19.34 

0.075 

0.375 

0.110 

0.550 

1.72 

9.40 

2.74 

1.59 


* One per cent isoleucine supplies nitrogen equivalent to 0.66 per cent protein. This amount was added to all diets, 
t Calculated from the tryptophane content of albumin as determined by Dr. Brand, 
i Grams — gain per gram of protein eaten. 


level of tryptophane added to the ration. Maximum 
growth was obtained at approximately 0.05 per cent of 
added /(-) -tryptophane. Since this albumin sample con- 
tained 0.18 per cent of tryptophane,- the albumin in the 
ration would add 0.035 of tryptophane to the diets. The 
diet, which appears optimum, thus contained a total of 
0.085 per cent /(—) -tryptophane. According to these re- 
sults, a protein, when fed at a 20 per cent level, would 
have to contain at least 0.42 per cent I (-) -tryptophane in 
order to support good growth in the young rat.^ The 
data on food intake and the calculations shown in Table I 
indicate a requirement of about 8 mgm. of tryptophane per 
day for these rats which had an average weight during 


= The authors arc greatly indebted to Dr. E. Brand for 
determining the tryptophane content of the albumin used 
in these studies. 

= Acetylto’ptophane was also tested as a source of tryp- 
tophane since tliis may find use as a stabilizer for albumin 
solutions (Dr. E. J. Cohn, personal communications). In 
confirmation of the results of du Vigneaud, Scalock, and 
Van Ettcn (4), acetyl-df-tryptophanc proved less cftectivc 
than df-tryplophanc, but amounts cfTeclivc for stabilization 
(1 to 2 per cent of the albumin) gave good growtli. 


the experiment of 85 grams. The animals received about 
94 mgm. per kgm. of body weight per day. In our experi- 
ence comparable animals of this strain gain from 3 to 4 
grams per day on purified rations containing 18 per cent 
casein. Thus the maximum growth obtained in this ex- 
periment was somewhat less than might have been ex- 
pected and considerably less than obtained in tlie next 
experiment discussed below. It is possible that tlie opti- 
mum level of tryptophane may be somewhat higher for 
groups of animals which show better growth. 

The data on a similar experiment in which tryptophane 
was added in constant amount, in excess of the require- 
ment found in the previous experiment, and the level of 
cfl-isoleucine was varied are shown in Figure 4 and Table 
II. Maximum growth was obtained when approximately 
0.9 per cent of d/-isolcucinc was added to the diet. The 
isoleucine content of the albumin was determined by micro- 
biological methods. The results ranged from 1.5 to 1.8 
per cent isoleucine, average 1.7 per cent. Some of the 
assays were made using the original media of Hegsted 
(5), and others with a medium in which the amounts of 
the amino acids in the basal medium were raised to ap- 
proximate those used by other investigators (6). This 
diangc did not affect the results obtained. The calcula- 


TABLE n 


Rat growth in relation to isoleucine intake and protein efficiency 


Group 

Albumin 

in 

diet* 

U+)*lfolcudne addedt 

Total /(-f )'i5oTcucir.econtcr:tJ 

Protein con- 
furr.*^ p^r 
rat per day 

I*o!eudr.e 

ccr.’umM 
rat p^r day 

G.dr. in 
vic-t 
rat p^ day 

re—-:-. 

?* ® 

To dictarj* 
protein 

Diet 

Dietary 

protein 


^tr err.t 

per (erJ 

per err.i 

frr cerj 

fe* eerj 


rrf^. 



1 


0.0 

0.0 

0..34 

1.70 

0.93 

15.S 

0.0 

0.0 




1.25 


2.90 

1.51 

43.S 

2.6" 

1.77 




1.75 

0.6S 

o.tO 

1.63 

55.4 

3.23 

l.ns 

4 



2.25 

0.7S 

5.90 

1.77 

69.0 

4.0') 


s 

■H 

0.55 

2.75 

O.SS 

4.40 

1.75 

::.o 

4. IS 

■i 


• All dict< were supplemented wiili 0.25 per cent c.'-tr-. p-.enl'.Tr.''. 

1 Addc^i as c7.i<.>;curine. J* . - 

♦ Cricu kited on basis of irolcudr.e conte.nl of albumirs as l.tO per ccr.t. 
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Fig. 4. Gain in Weight on Various Levels of Isoleucine Added to 
Albumin Supplemented with 0.25 Per Cent ff/-TRYPTOPHANE 


tions in Table II are based upon the average figure of 
1.70 per cent isoleucine in albumin and on the assumption 
that only the natural isomer in rf/-isoIeucine is active (7). 
The isoleucine content of the ration producing maximum 
growth thus appears to be 0.78 per cent which corre- 
sponds to an isoleucine content of the dietary protein of 
3.9 per cent. The isoleucine intake of these animals was 
about 70 mgm. per day, and their average weight during 
the experiment was 80 grams. On a body weight basis, 
the intake is thus about 8 or 10 times the tryptophane re- 
quirement, approximately 880 mgm. per kgm. per day. 
In this and in the tryptophane experiment, calculations 
made at various intervals during the experiment, when 
both food intake and weight were somewhat less, do not 
change these results. 

Nitrogen balance studies with the dog. The details of 
this study will be reported later in connection with other 
similar studies. We have determined the minimum 
amount of protein required to maintain nitrogen balance 
in the adult dog fed a purified ration similar to that used 
in the rat growth experiments, although somewhat higher 
in fat. With albumin as a sole source of nitrogen, ap- 
proximately 0.14 gram of nitrogen per kgm, per day was 
required to maintain positive balance. This corresponds 
to a protein requirement of 0.875 gram per kgm. per day. 
If one assumes that tryptophane and isoleucine are the 
limiting amino acids for the dog, as they definitely are 
for the growing rat, then the tryptophane requirement 
would be about 1.6 mgm. per kgm. per day, and the 
isolcucine requirement about 15 mgm. per kgm. per day. 
These figures represent studies made over 6-day periods 
on each level of albumin studied, previous to which the 


animal had received the “nitrogen-free" basal ration for 
10 days. 

DISCUSSION 

The striking difference obtained with the grow- 
ing rat and the adult dog when albumin is the 
sole source of nitrogen is worthy of consideration. 
On a caloric basis, it was found that when 19 
per cent of the calories were derived from albu- 
min by the young rat, the protein was completely 
inadequate for growth, while approximately 6 per 
cent of tlie caloric intake of the adult dog from 
this source sufficed for maintenance of nitrogen 
balance. It is well known that other proteins of 
high biological value will prove adequate for either 
species when fed at these respective levels. Cal- 
culations upon the tryptophane and isoleucine re- 
quirements on the body weight basis for these 2 
species further emphasize the great difference in 
requirement. It is realized that such differences 
may be due to the physiologic state, i.e., growth 
versus maintenance, but until there is adequate 
evidence, one should not apply data obtained with 
1 animal to others, including man. 

It is thus readily apparent that before signifi- 
cance can be assigned to the low tryptophane and 
isoleucine content of albumin with regard to intra- 
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venous feeding of man, direct studies upon the 
human must be obtained. Studies are also needed 
to determine whether the reestablishment of nitro- 
gen equilibrium and the restoration of the losses 
of body nitrogen after injury demand protein sup- 
plies similar to those of growth or of maintenance. 

The requirement of tryptophane for the grow- 
ing rat as determined in these studies is about 0.08 
per cent of the diet compared to Rose’s (8) figure 
of 0.2 per cent. The requirement of isoleucine, 
on the other hand, of approximately 0.8 per cent 
is somewhat higher than that given by Rose which 
is 0.5 per cent. The above figure of 0.8 per cent 
compares to a figure of 0.7 per cent calculated in 
a previous study (1). Block (9) has calculated 
the amino acid requirements of the human upon 
the basis of the requirements of the young rat as 
determined by Rose (8). These studies point 
out tlie futility of such calculations. 

SUMMARY 

1. For the growth of rats, human fibrin is a 
high quality protein, while human albumin sup- 
ports no growth at all when fed as the sole source 
of protein. Globulin is intermediate behveen 
the two. 

2. For the growth of rats, human albumin is 
relatively deficient in tryptophane and isoleucine. 

3. Maximum growth was obtained in rats with 
rations containing approximately 0,08 per cent 
/(—) -tryptophane and 0.8 per cent /(+)- 
isolcucine. These amounts correspond to intakes 
of 94 mgm. and 880 mgm. per kgm. of body 
weight per day, respectively. 


4. In contrast to the poor nutritional qualitj' 
of albiunin as found in rat groivth studies, nitro- 
gen balance in the adult dog was maintained ivhen 
this protein supplied only 6 per cent of the calo- 
ries. It is estimated that no more than 1.6 mgm. 
of tryptophane and 15 mgm. of isoleucine per kgm. 
of body weight per day are required by the adult 
dog. 
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In a previous publication ( 1 ) , it has been stated 
that reagents for the determination of blood 
groups are obtained as products of the human 
plasma fractionation program. By a chemical 
procedure, the isoagglutinin-containing globulins 
are separated from most of the other plasma pro- 
teins, thereby enabling the use of the latter frac- 
tions for other purposes (2), and the use of the 
refined isoagglutinins in concentrated form for 
blood group examinations. The properties of the 
preparations obtained in this manner from group- 
specific plasma have been described (1, 3), and 
the United States Navy has let contracts with the 
industry to procure the reagents. This laboratory 
served to control ^ this iosagglutination produc- 
tion program, and so it has had the opportunity 
of determining what changes in methods would 
provide larger amounts of good quality blood- 
grouping preparations. 

The control of the products is based on com- 
parison of their properties with the properties of 
Reference Standards. Two blood-grouping re- 

1 This work has been carried out under contract, recom- 
mended by the Committee on Medical Research, between 
the Office of Scientific Research and Development and 
Harvard University. 

- This paper is Number 35 in the series "Studies on 
Plasma Proteins’’ from the Harvard Medical School, 
Boston, Massachusetts, on products developed by the De- 
partment of Physical Chemistry from blood collected by 
the American Red Cross. 

® The group of investigators in associated laboratories 
who have assisted regularly in the appraisal of these 
products includes Dr. W. C. Boyd, Boston University 
Afedical School; Dr. L. K. Diamond, Children’s Hospital, 
Boston; and Dr. E. L. DeGowin, University Hospitals, 
Iowa City. The laboratory of Capt. L. R. Newhouser 
has reported on behalf of the U. S. Navy. At the Harv- 
ard Medical School, the control group, under the direc- 
tion of Dr. E. J. Cohn and Dr. J. L. Oncley, includes 
Mr. J. W. Cameron, Mr. P. M. Gross, Miss M. M. Has- 
son, Miss S. G. Afiller, Dr. D. A. Richert, and Miss J. 
Sullivan. 


agents, one anti-A and the other anti-B, each 
processed by the Harvard Pilot Plant from group- 
specific plasma, were adopted as Reference Stand- 
ards by a committee of experts headed by Dr, E. 
L. DeGowin (3), Two different techniques (1) 
arc used to compare any product with the Refer- 
cJicc Standard of the same group. One test is 
designed to measure the amount of isoagglutinin 
b}' a “titration” procedure. The other technique 
is used to evaluate the product’s “avidity,” t.c., 
the speed of agglutination and the size of clumps 
obtained when the preparation is mixed with a 
cell suspension on a slide. Thus, preparations are 
judged acceptable if samples arc found to be equal 
or superior to the Reference Standard by all tests, 
and if, furthermore, they are found to be “specific” 
for the group of cells with which they are sup- 
posed to react. Anti-B preparations are tested 
with B cells for titer and avidity. The existence 
of subgroups of the blood group A makes it neces- 
sary to test anti-A preparations both with A^ and 
with A„B cells,^ 

THE CHOICE OF PLASMA TO BE PROCESSED 
INTO ISOAGGLUTININ REAGENTS 

In the method previously described, the produc- 
tion of isoagglutinins started with the collection 
of group-specific plasma from random donors of 
a single group. It was found that anti-A prepara- 
tions from pools of B plasma were often deficient 
in their reactions with A^B cells. It was recog- 
nized that the isoagglutinin titers of individuals of 
group B, for example, vary greatly, and that the 
potency of a pool could be increased by omitting 
low-titered plasma, so an attempt was made to 

^The reactions of AsB cells with anti-A preparations 
are, in general, much weaker than are those of As cells; 
hence use of cells of the former group provides a more 
sensitive criterion for rejection of products weak in sub- 
group activity. We are indebted to Drs. L. K. Diamond 
and W. C. Boyd for calling our attention to this fact. 
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improve the B pools by selecting the specimens to 
be included. An unfortunate result of this proce- 
dure was that it decreased the amount of plasma 
processed into blood-grouping preparations. The 
yield of the reagents from a given number of blood 
donations is already limited by the low incidence 
of donors of group' B (Table I). A large part of 
the available supply of group A plasma was not 
needed in this program since the routine examina- 
tion for blood group necessarily utilizes both kinds 
of isoagglutinin in equal amounts. 


table I 

Frequency of blood groups in the United, Stales (4) 
Blood group Percentage of ixipulation 

0 45 

A 41 

B 10 

AB 4 


We therefore investigated the plasma from 
group O donors. This kind of plasma is available 
in the largest amount, and is known to contain 
agglutinins for both A and B erythrocytes. Its 
use as a source of anti-A agglutinin ° would de- 
pend first, on the amount of anti-A antibody pres- 
ent, and second, on the removal of anti-B activity. 

Properties of group 0 plasma 
The results of isoagglutinin titrations of plasma 
samples obtained from random ® donors of groups 
O and B, respectively, are shown in Table II. 
Considering the probable factors of uncertainty of 
the ratios, we conclude that when enough donors 
are represented in the pools to minimize the effect 
of variations among individuals, an O plasma pool 
is approximately equal to a B pool in its titer 
against A, cells, and is superior to the B in its 
titer against A, cells.®* These obser\-ations, which 


* Wc use the term "A’’ gcncrically to include the sub- 
groups Ai, Ai, etc. In a like sense, \vc use the term 
"anti-A" to include all of the antibodies effective against 
A cells. 

« Only the following data are excluded from the com- 
putations: first, a single test representing a single O 
donor s<s. A, cells, since the plasma was highly hcmolnic 
for these cells; second, tests on plasma from" a pool" of 
blowls in whidi at least one A blood was included by 
accident. 

'MN'otc added in proof:) A paper in the German 
literature (10), recently come to our attention, slates tliat 
O senim usu.a11y agglutinates A. creihrocs-tes more 
rc.adily tlun does B serum, and that O serum las more 
nc.ar!y t!;e same titer tr. A, cells on the one luinj, and 
Ai cells on tlsc other, than lias B serum. 


TABLE n 


Comparison of O and B plasma liters 


Celia 

used 

for 

test 

Group of 
plasma 

Number 
of donors 
repre- 
sented 

Number* 
of tests 
per- 
formed 

Res 

Average 
ratio of 
plasma to 
Reference 
Standard^ 

:ult3 

Ratio of 
average 
titers, 

0 plasmatB 
plasma 


0 

88 

31 

0.24 


Ai 





1.3 


B 

23 

10 

0.19 



0 

83 

13 

0.75 


A. 


1 



2.6 

1 

1 

B 

22 

7 

0.29 


B 

1 

0 ' 

i 

89 

32 

0.15 



•Some plasmas tested were obtained from individual 
donors; in other cases, plasmas from as many as 12 donors 
were pooled. 

Comparison with Reference Standard (104B vs. Ai and 
Ai cells; 9193A rs. B cells) is not as accurate as comparison 
with plasma of the other group (last column of the table), 
since only a few tests were done on the Reference Standards. 


are supported in later results representing larger 
populations, indicate that less than 5 per cent of 
the total available plasma could be included in a 
pool of selected B plasma which would match the 
activity against cells of pooled, unselected O 
plasma, obtained from 45 per cent of all donors. 


Removal of anti-B activity from group 0 plasma 

There is considerable antibody in O plasma that 
reacts with B ery-throcytes. The use of B “soluble 
substance” for neutralizing this antibody was con- 
sidered, but it was deemed preferable to remove 
the undesired isoagglutinin from the system by 
absorption with B cells. We found it possible to 
remove the greater part of the anti-B activity by 
mixing O plasma witli B cells, or by mixing O 
blood with B cells, or simply by mixing O blood 
witli B blood. The absorption was found to be 
more rapid at room temperature than at 0’ C., and 
also was found to be faster when larger propor- 
tions of B cells were present. The aim of the ab- 
sorption, however, is not necessarily the complete 
removal of anti-B antibody from plastna. I..atcr in 
the process, residual activity" may he removed. 


* Part of the drcrcatc of anti-B activity du 
tion may l>c due to r.c-.:trr4irati''n of an.tvod 
!?ccif>c sub'Lancc rttuml in li jhfnta (5) c.r 
B cvV.!. Pofti’-.y frarl::*nat;m of thv 
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e.g., by reabsorption. Since it is important that 
plasma resulting from the absorption procedure be 
suitable for processing into the other products ob- 
tained from the fractionation program, it was de- 
cided to absorb at 0° C., and to mix O and B 
bloods, in the same proportion as their relative 
incidences in the population. Experiments per- 
formed under these conditions showed that less 
than 5 per cent of the original anti-B activit)^ re- 
mains after absorption lasting 10 to 15 hours, and 
that most of the decrease is obtained in about 2 
hours. 

The agglutinating properties and jractionation oj 
absorbed plasma 

The plasmas resulting from absorption experi- 
ments were found to have good anti-A activity, 
particularly for AgB cells. Tested with these cells, 
the avidities of the absorbed plasmas were better 
than the A^B avidity of tlie anti-A Reference 
Standard, and the plasmas gave no slide reaction 
with B cells. However, in one experiment,® satis- 
factory plasma did not result from a mixture of 
blood (in this case the anti-B titer was, as usual, 
very low after absorption, but the anti-A^ titer was 
less than 1 per cent that of Reference Standard) 
and here it was proved that at least one A blood, 
in a total number of 69, had been included by acci- 
dent with the O and B bloods. Thus the impor- 
tance of eliminating from the pool all cells having 
the A-agglutinogen, i.e., A and AB cells, was 
demonstrated. 

The absorbed plasma was fractionated, and thus 
it was found that the solubility properties of the 
anti-A antibody of O plasma are similar to those 
of the isoagglutinins from A or B plasma. It was 
also shown that the remaining anti-B activity 
could be eliminated by reabsorption, and the re- 
sulting anti-A blood-grouping preparations were 
found to be specific. 

LARGE-SCALE EXPERIMENTS UTILIZING 
0 PLUS B BLOOn 

It was important to show that the method could 
be applied to large runs, involving a number of 

® In a run made by one of the cooperating commercial 
laboratories in August, 1944, the resulting “0 plus B” 
plasma was also poor. Possibly their experience too was 
caused by the accidental presence of the A-agglutinogen, 


donors great enough to give statistical validity to 
the results. These experiments were carried out 
at the Fort Worth, Texas, Scrum Albumin Plant 
of Armour and Co.” 

Blood-grouping procedure 

Since it had been shown that A and AB blood must be 
excluded from the O plus B poo!, cacii step leading to 
the preparation of tiic poo! was clicckcd. A double blood- 
grouping method based on serology samples received 
from the Blood Donor Centers was adopted. The first 
step, the cell-grouping test, was performed on erythrocytes 
and utilized isoagglutinin reagents. After this preliminary 
sorting into blood groups was made, all the samples of 
each single group were retested by a scrum-grouping tech- 
nique, i.c., samples of the individual scrums were treated 
with specially prepared cell suspensions of known groups, 
and the presence or absence of agglutination was deter- 
mined. In this way, errors made in the first step were 
found, and the corresponding samples were rejected. In 
some of the runs the serum-grouping procedure was also 
used to reject bloods whose scrums hemolysed the test 
cells. The criteria for hemolytic rejections varied in dif- 
ferent cases, and are shown in Table III. In the re- 
maining runs, heated scrums resulting from the syphilis- 
testing procedure were used for the serum-grouping test 
and no hemolytic rejections were made. In no case was 
rejection based on the strength of the agglutinating re- 
actions obtained, so that in this sense no selection of 
specimens was made. (See next section, however.) 

Blood pooling and separation of plasma 

A pool of all of the group B bloods for each of the 0 
plus B runs was prepared and then mixed with a similar 
pool of 0 bloods to start absorption. Since separation 
of plasma routinely was carried out at 8° C. at this 
plant, absorption was done at this temperature. The 
mixtures were stirred continuously until the end of the 
time allowed, and then the blood was fed into a battery 
of centrifuges which continuously separated plasma and 
cell-rich fractions. Details of the pooling and blood- 
separation procedure are given in Table III, which also 
presents the yields obtained. It will be noted that ap- 
proximately 280 ml. of citrated plasma, containing about 
17 grams of plasma protein, were obtained from each 
donor, regardless of whether O plus B or A bloods were 
processed. Table III also shows the number of errors 
detected in the serum-grouping test, and the importance 


® We are indebted to Dr. J. D. Porsche for making the 
arrangements, and to the staff of the plant, especially Mr. 
A. Koehler, Mr. J. H. Weare, Mr. A. F. Holtorff, Miss 
M. Slattery, and Mrs. A. Swan for their assistance. 

A more detailed description of this and later parts of 
the procedure is included in an Interim Report submitted 
to the Committee on Medical Research of the Office of 
Scientific Research and Development. 
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TABLE III 


Blood grouping, pooling, and cenlrifugalion 


' " ' ' 1 

Blood groups 1 

O plus B j 

A 

Run number 

AM, 

AI-2. 

AI-4. 

AI-3, 

AI-S. 

18S 

190 

192 

190 

192 

Bloods rejected in serum-grouping test: 

1 

0 


22 



Number of errors found® 

4 

1 

0 

0 serums causing hemolysis’’ (per cent) 

B serums causing hemolysis' (per cent) 

40 

34 

0 



7 

1 

4 

0 



Blood-pooling;'* 

Total number of donors represented in pools' 

67 

292 

715 

278 

553 

Ratio, 0 donors; B donors in pools 

4.2 

4.S 

4.6 



Time allowed for absorption; 

10 

1 




Hours elapsed from mixing of (J and B bloods to start of centrifugation 

2 



Hours elapsed from mixing of 0 and B bloods to end of centrifugation 

11 

3.2 

5.5 



Yields obtained, per donor: 

1 

237 


247 

230 

Grams red cell fraction 

222 

240 

Milliliters plasma* 

293 

283 

274 

278 

271 

Grams plasma protein’ 

17.4 

17.2 

16.7 

16.9 

16.4 


“ After the samples were sorted by grouping the cells, the O and B serums were tested for errors with both A and B 
cells. Group A serums were checked with B cells only. Bloods cell-grouped as AB were not checked; they were com- 
bined with misgrouped bloods and with bloods rejected for causing hemolysis, and were not further included in these 
c.xperiments. 

’’ 0 serums which caused any hemolysis of the A cells used in scrum-grouping were not included in Run AI-1, 188. For 
Run AI-2, 190, 0 serums were not used if they caused complete hemolysis of the A test cells, or any hemolysis of the B test 
cells. The serums for Run AI-4, 192 were tested after being heated at 56? C. for 30 minutes, and no hemolysis of test cells 
was observed. 

' One B serum, which hcmolyzed the group A test cells, was excluded from Run AI-1, 188. For Run AI-2, 190, B 
scrums were not used if they caused complete hemolysis of the A test cells. Heated serums were tested for Run AI-4, 192. 

^ Most of the bloods were drawn less than 2 days before use, and none was older than 3 days. 

” In each of the O plus B runs, the bloods were pooled before centrifugation. Pools of blood were not made in the 
A runs, but the plasma was pooled in each case. 

‘ Volume of plasma is calculated from the weight obtained, assuming a density of 1.030 for citrated plasma. Protein 
concentration is calculated by subtracting 0.23 gram N per liter, assumed to be the NPN concentration, from the value 
obtained by Pregl analysis for the total N concentration, and multiplying the difference by 6.25. The results arc ex- 
pressed relative to the number of donors represented in the pools, and have been corrected for known amounts of material 
removed in processing. 


of the double blood-grouping method is thus demon- 
strated.*^ 

Comparisons of the plasmas and of samples, removed 
at intcr\-als from the pools .and cup-ccntrifugcd, indicated 
that what hemolysis was obtained could be traced to me- 
chanic.al factors (c.g., poor behavior of the centrifuges, 
or too prolonged or too vigorous stirring) and did not 
correlate with the presence of hemolytic plasma in the 
pool. Bacterial counts showed that when simple pre- 
cautions were observed the plasma could be prepared 
free of detectable contamination. 

Applutinaliv.g properties of absorbed plasma 
IsongRlutinin assays of plasma samples from the 
large-scale cxperimetils arc reported in Table IV. 
Results of titrations arc presented in terms of the 
“titer inde.':.” wb.ich we deftne as the nqiative 
logarithm, to the base 2. of the highest dilution 

The rvli’.r.urc .‘uprrjts tb.nt error* were due to mi*- 
t.il.c* of the psr* on* doing tb.c ct'l-groupinc teu,*. ratbrr 
ib.in to uc.ik i* vicriutinin prcp.tr.itirn*. 


showing agglutination.’" Aviditj- measurements 
of the speed and extent of agglutination are re- 
ported in terms of three observ-ations : the time 
required for. “first visible” agglutination, that for 
“complete clumping,” and the “size” of final 
clumps obtained. The appearances called "first 
visible” and “complete clumping” respectively arc 
fixed in terms of the appearances observed at arbi- 
trar}- times when the cells of known individuals 
react with the Reference Standards,” and the 

** One advantage of this tr,cth*yl of c.xprc5<ing titrati'.n 
results is tl’.at the precision, afjout ~ I titer ir.d-x unit, is 
ca«ily stated. 

” These determination' were made by d-layirg t':.~ 
mixing of th.e faster prej'-aration with it* d.-fp e; eel> fy 
as much time as v.-as nee’!-.-! t") bring b t’’, jrrprrati -.s 
I’eing contpared to the en d-;v in* iirr-.dt.'.nr udy. F'e- 
I>eateil trials v.cre neeri*arj' to a-'ratain th* tin'-dag 


cctit :n 
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TABLE IV 


Isoagglulinin assays of plasma samples 


Run 

O plasma pool 

B plasma pool 

l-Iiour sample from mixed pool 

Final plasma 

Hi 

m 

C 

i s 

D 

B 

c 

s 


g 

C 

s 

g 

m 

c 

S 






Tested with Ai cells. 

Reference Standard lO lB = 

0 

5 

20 

Ig 

AI-1 

8 

15 

55 

>sm 

8 

12 

33 

md 

7.5 

IS 

55 

>sm 

7.5 

20 

80 

sm 

AI-2 

7.5 

13 

45 

<md 

7.5 

12 

33 

md 


j 

1 


7 

18 

65 

>sm 

AI-4 

S 

10 

25 

>md 

8 

10 

27 

>md 

8 


32 

md 

8 

13 

45 

<md 

AI-3 

1 

1 

1 

i 

1 







1 



<0 

>300 



AI-5 

1 

1 

t 

i 










1 

<0 

>300 








Tested with AjB cells. 

Reference Standard 10-lB = 

5 

20 

75 

sm 

AI-1 ! 

m 

m 

m 

m 

5 



sm 

1 

5 

60 


sm 

5 

90 

>300 


AI-2 





4.5* 



sm 



nn 


.5* 

SO 

300 


AI-4 

H 

H 

■ 


3 



>sm 1 

5 

IS 

B 

<md 

5 

25 

90 

g 

- 





Tested witli B cells. Reference Standard 9193A = 

9 

•5 

25 

ig 

AI-1 

7 

20 

100 

md 

<0 

m 

m 

■ 

1.5* 

>300 

g 

■I 


>300 



AI-2 

5* 

50 

300 

sm 










>300 



AI-4 

6* 

20 

90 

md 


>300 

B 

B 

1.5* 

>300 

H 

B 

KB 

>300 



AI-3 





1 






g 



so 

300 


AI-S 







B 

B 




B 

mm 

50 

300 



Symbols: .... 

T, Titer index. An overlined number means tliat a weak positive reaction was obtained at the corresponding dilu- 
tion. <0 means no positive reaction was obtained even with undiluted material. * means the titer index is 
corrected for a slightly different value obtained for the Reference Standard when the test so marked was made. 

F, Seconds required for “first visible" macroscopic agglutination to appear in slide test. 

C, Seconds required for “complete clumping” to appear in slide test. >300 means the corresponding degree of 
agglutination is not attained in 300 seconds, the maximum duration of the test. 

S, Size of final clumps attained in slide test. In ascending order: me, microscopic; sm, small; md, medium; Ig, large. 
These symbols are modified by >, larger than, and <, smaller than. 


scale of sizes is similarly arbitrarily defined 
experimentally. 

Comparison of the assays on the group O 
plasma samples shows that the best avidity re- 
sulted when no rejection for hemolytic reaction 
of the serum was made, and the same conclusion 
is indicated for the B plasmas. Further, the avid- 
ity, tested with cells, of B plasma, where a 
lower proportion of hemolytic rejections was 
made, was better in Runs AI-1 and AI-2 than 
was the corresponding avidity of O plasma, from 
which more hemol)''tic specimens were omitted 
(compare Table III). However, in Run AI-4, 
where no hemolytic rejections were made from 
either group, it was found that O and B plasmas 

These conclusions are largely based on avidity re- 
sults since the titration method cannot show fine differ- 
ences unless a larger number of tests are performed. 


were approximately equal in their avidities for A^ 
erythrocytes. (This may be compared with our 
earlier statement regarding approximate equality of 
the titer against A^ cells of pooled plasmas of the 
two groups.^®) The avidities of B plasmas against 
AgB cells and of O plasmas against B cells also 

15 Bryce and Jakobowicz (6) report isoagglutinin de- 
terminations on 712 group O donors and 178 group B 
donors titrated individually against Ai cells. After some 
mathematical assumptions are made, it is possible to 
show that their data support our conclusion that pooled 
O plasma is approximately equal or only slightly su- 
perior to pooled B plasma in its activity against' these 
cells. Our data are obtained from a total of 675 group 
O donors and 151 group B donors and all cases where 
hemolytic rejections were made are excluded. 

Comparison of tests with B cells shows that when no 
rejections for hemolysis of these cells by O serum were- 
made (Runs AI-1 and AI-4), the resulting O plasma 
was superior to that obtained from A donors (Runs 
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support the general conclusion that the more re- 
jections made for hemolytic reactions with er}i;h- 
rocytes, the poorer the resulting pool in its avidity 
for these erythrocytes. Presumably hemolytic 
plasmas are among those with the highest indi- 
vidual avidities Rejection of hemolytic speci- 
mens appears to he a kind of “negative selection.” 

The plasmas resulting from O plus B mixtures 
have had more than 95 per cent of the original 
• anti-B antibody removed by the end of the ab- 
sorption. However, there is in all cases a simul- 
taneous decrease in anti-A avidity. The results, 
which were checked repeatedly, show that this 
decrease is progressive; the final plasma is poorer 
than the 1-hour sample. Our earlier small-scale 
experiments showed a similar phenomenon in re- 
spect to slight progressive decreases in titer as 
well as avidity.^® It has been thought (7) that 
in some O plasmas part of tlie activity against A 
cells may be due to a doubly reactive antibody, 
effective against both the A and the B aggluti- 
nogen. Treatment of such plasma with B cells 
would thus result in removal of this part of the 
- anti-A activitj'. However, the continued decrease 
of anti-A avidity between the 1-hour sample, where 
the anti-B activity is already very low in compari- 
son with the anti-A, and the final plasma makes it 
doubtful that a doubly-rcactive isoagglutinin could 
alone account for the entire loss obtained. A 
different explanation of the phenomenon has been 
offered by Tiiomsen (8), who states that eiy-thro- 

Al-3 and AI-5) in its anti-B activity. This suggests that 
O plasma may be a useful source of this antibody also 
(compare Table II). While no O plus A runs have yet 
been attempted, a plant processing isoagglutinins by the 
present method would obtain an anti-A yield some one- 
third larger than its anti-B output. It may be feasible to 
equalize production by processing O plus A runs. 

irThis suggests that if hcmoUtic pla.smas alone were 
chosen for processing, better matcri.al would result. The 
final isoagglutinin preparation would prokably not lie 
hemolytic since all of the components of complement 
would not be present in this fraction. 

’*Xot only is it extremely improbable tlint the A-ag- 
glutinogcn was present in cverj- case to cause the de- 
crease observed, but the sliglit drop found, contrasted 
with the drop to less than 1 per cent of the titer of the 
Rclcrcucc Standard in the one C-xperiment v.here the -\- 
agcbitinogen was Imown to l>e present, mahes ii s^cm 
th.at sneh could h.ard'y l>e th.e c.xpl.-.nation. It is r,-tc- 
wortb.y that Fraction Ill-l-l w.-.s !.-,tcr re.a'x'-.rl.e-i v.dth 
B cells with no sb,tect.'.b'e loss of anti-.-\ aviiitv 


cytes which have reacted wdth their specific iso- 
agglutinin may then take up other agglutinin by 
“secondary-binding.” 

In Run AI-4, where no hemolytic rejections 
were made, it will be noted that the 1-hour sample 
of O plus B plasma is superior not only to the 
B plasma but to the Reference Standard as well 
when tested with A;B cells. In the other cases, 
however, due in part to rejection of hemolytic 
plasmas and in part to decrease in avidity during 
absorption, the final plasma pools were inferior to 
the B plasmas alone against A^B cells, and in 
every case this was so when Aj cells were used for 
the test ; yet in every case it was possible to make 
satisfactory blood-grouping reagents from O plus 
B plasma by fractionation, although the yields in 
the different cases varied because of the different 
qualities of the plasmas. 

Fractionation method 

Elach of the plasma pools was separately processed by 
Method S for plasma fractionation. About 26 per cent 
of the plasma protein nitrogen was present in the isoag- 
glutinin-containing fraction (9), called Fraction 11+ III, 
regardless of whether O plus B or A material was proc- 
essed. 

The procedure used for the subfractionation of II -f III, 
Method 7, wasted the prothrombin and the protective anti- 
bodies, and will, therefore, be supplanted, so it will here 
be described only briefly. The isoagglutinins were pre- 
cipitated under these conditions : pH 6.33, ionic strength 
0.005, room temperature, volume 10 times that of the 
original plasma,^'’ and ethanol concentration below 0.1 per 
cent The precipitate so obtained, called Fraction III-l-l, 
settled out and was dried from the frozen state. Tb.c 
powder was than rcdissolved in neutral, isotonic buffer, 
in a volume one-fiflh that of the original plasma, and re- 
absorbed with group B red cells. Five ml. of the cells, 
packed by bucket-centrifugation, were used for each liter 
of plasma represented. The mixture of cells and redis- 
solvcd Fraction lll-l-l was stirred at 0’ C. continuously 
for 12 ±: 4 hours, after which the supernatant, obtained 
by bucket-centrifugation, was treated with an equal vol- 
ume of 0° C. water and filtered through prepared filter- 
pads. It had l>een noted earlier tliat los'cs of aetivity 
could result from cxliaustivc filtration, Irul ns'ays sb.owrd 


For these cxf>erimer.t'. the metb.-r!, devi'ed by Dr. 
J. L. Ondey and Mr. J. W. C-.mereo, was mvlif.-d' v.it-i 
the assistance of Dr. D. A. Rid-.ert. 


-"'Only portions rf the Fraeti'n' II -- III frf-n ra-":: sf 
the plasmas AI-2. 3. 4, and 5 v.<-rc su’ fri't' nr.t- d. an! 
caleu'.ati-'r.s -,vere nmde :. re s tinr’r. In cr.'';, th- 




668 


MAKSIIALL MELIN 


TABLE V 

Isoagghiitmn assays of solutions'^ of the intermediate products of fractionation 


Run 

Fraction III-l-l 
(S-foW over plasma)» 

Reabsorbed 111-1-1 
(S-foltl over plasma) 

Fr.acUon'' 111-1-2 
{20-fold over plasma) 

B 

B 

C 

s 

B 

B 

C 

S 

B 

|B 

C 

S 




Tested with Ai celts. Reference Standard lOlB = 

9 

5 

20 

ig 

AI-1 





9 




10.5 ' 

6 ! 

27 

Ig 

AI-21 

9 

12 

32 

md 

8 

12 

32 

md 

TO 

6 

22 

>k 

AI-41 

10 


18 

Is 

TO 

1 5 

18 

k 

10 

<5 

15 

>k 

AI-31 






! 



<0 

sp 



AI-51 





i 

1 


1 


<0 ! 

sp 





Tested with AjB ceils. Reference Standard 104B = 

5 

20 

75 

sm 

AI-1 

1 




G* 




7 

IS 

60 

<md 

AI-21 

5* 

50 

300 

<sm 

5* 

50 

300 

<sm 

7* 

15 

55 

<md 

AI-41 

7 

15 

50 

<md 

7 

15 

50 

<md 

8.5 

7 

25 

Ig 




Tested with B cells. Reference Standard 9193A = 

9 

5 

25 

Ig 





1 

1 

0 




0 

sp 




<0 

>300 



<0 

>300 



0 

sp 



AI-41 

2 

>300 



<0 

>300 



<0 

sp 



AI-31 

7 

IS 

60 

md 





9 

<5 

18 

>lg 

AI-51 

8 

IS 

60 

md 





9 

<5 

18 

>k 


Symbols: 

sp: Slide tests for specificity showed no agglutination of the cells indicated, or of group 0 cells, in 7 hours. The 
slides were stored in a moist chamber at room temperature and were observed microscopically at intervals. 

For other symbols, see Table IV. 

“ All solutions tested were of neutral pH, and isotonic. Their concentration is expressed as “n-fold over plasma, 
where n is equal to the volume of plasma from which the aliquot is obtained divided by the volume of the assayed 
solution of this aliquot. The yield of isoagglutinin in any fraction may be calculated if this quantity and the titer 
indexes (T’s) are known. 

^ Aliquots of the wet III-1-2 precipitates were tested at 1/20 plasma volume in order to determine what concentration 
would be needed in each case for the final solution (see Table VI) to exceed the corresponding Reference Standard. 


that in these experiments the filtration procedure did not 
cause detectable loss of activity. The filtrate was re- 
precipitated under the same conditions as described for 
the precipitation of Fraction III-l-l. The small amount 
of hemoglobin introduced during the reabsOrption was 
thus removed, and the resulting Fraction III-1-2 was 
white. About 3 per cent of the plasma protein nitrogen 
was obtained in this fraction, i.e., about one-half gram of 
protein (N X 6.25) per donor. 

Isoagglutinin assays of the products, and the 

yields obtained 

While the yields of isoagglutinin obtained by 
this fractionation procedure were not quantitative, 
it will be noted that the antibody from O plus B 
plasma fractionated in the same way as did that 
from group-specific A plasma, that reabsorption 
was carried out without loss, and that satisfactory 
final material resulted. These conclusions are 


justified by the results reported in Tables V and 
VI. It will be noted that each of the preparations 
was specific for the group of cells with which it 
was supposed to react. 

The yields of the blood-grouping reagents ob- 
tained in the different O plus B runs increased in 
the order of the qualities of the plasmas. Table 
VI shows that, in runs where no exclusion for 
hemolytic reactions of serum was made, each blood 
donation processed furnished enough of the corre- 
sponding reagent for more than 250 tests. Since 
routine blood group determinations require equal 
quantities of the anti-A and the anti-B reagents, 
the amount of material that may be produced from 
a given number of blood donations is limited by 
the incidence of A donors, unless it proves feasible 
to increase the yield even further by the processing 
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TABLE VI 


Yields and properties of- the blood-grouping reagents 


Product number 

Amount 

obtain^ 

Tests on^final solution^ 

from each 
donor* 

i 

T 

1 

F 

c 

S 

Tested with Ai cells. 

Reference Standard 104B = 

9 

5 

20 

Ig 

AI-1 (anti-A) 

7.4 ml. 

11.5 

1 <5 

1 17 

i >lg 

AI-21 (anti-A) 

10.6 

10 

1 <5 

1 17 

>lg 

AI-41 (anti-A) 

14.0 

10 

1 

<5 

1 

; 14 

1 

>lg 

1 

Tested with AjB cells. 
Reference Standard i04B = 

5 

20 

75 

sm 

AI-1 (anti-A) 

1 

8 i 

10 

35 

<md 

AI-21 (anti-A) 

1 

7 

12 

45 

<md 

AI-41 (anti-A) 

1 

8.5 

7 

25 

Ig 

Tested with B cells. 

Reference Standard 9193A = 

= 9 

5 

25 

Ig 

Al-31 (anti-B) 

13.9 ml. 

9 

<5 

18 


AI-Sl (anti-B) 

13.6 

9 

<5 

18 

>lg 


Symbols: 

See Table IV. 

* The finished product is a dried powder. It is prepared 
by desiccation from the frozen state of a solution contain- 
ing an isotonic mixture of sodium phosphates and chloride, 
neutral in pH, and containing Fraction III-1-2 protein in 
such a concentration as to provide the required isoagglu- 
tinin activity;. The product may be dispensed! in what- 
ever quantities are convenient; for example it may be 
packaged in such amounts as to provide vials containing 
1 ml. of blood grouping reagent when reconstituted with 
distilled water (or with the diluent containing dye and 
prcscrx'ative specified in Navy contracts). The figure 
listed in the table is the number of 1 ml. vials obtained from 
each blood donation processed. A pair of such vials, one 
of each group, if used economically, is sufficient for about 
20 routine blood group determinations. 

** Titer Indc.vcs given here arc calculated from the resufu 
obtained by titration of the aliquots tested at one-twentieth 
of plasma volume (Table V). The avidity measure- 
ments were made on the final solution dried. 


of O plus A runs (sec footnote 16). If O plus 
A runs arc not processed, a plant receiving 1000 
blood donations could produce isoagglutinins from 
about 800 of these bleedings, and could thus 
manufacture by the present method about 5000 
one ml. vials of each group, a quantity of each re- 
agent sufiicicnt for .aliout 100.000 blood-grouping 
dctcnuiualions, provided that die reagents arc 
used cconomic.ally in the c.vaminalions. A num- 
ber of other products (2) may simuUaucously be 
obtained from these blood donations. 

I’crh.tp.s (he most not.ablc propertv of ir.c mate- 
rial processed from O phis B b’.oo.l is ih.at i: slio’.vs 


relatively little disparity' between its reactions witli 
cells having the A^- and the Aj-agglutinogens, re- 
spectively. By contrast, there is a wide difference 
in reactivity against these different cells in prepa- 
rations made from group-specific B plasma,^^ ex- 
emplified by the Reference Standard itself (see 
Tables V and VI) . In routine blood group exam- 
inations, therefore, all subjects having the A- 
agglutinogen, regardless of tlieir subgroup, will 
react in more nearly tire same time if the O plus B 
reagent is employed, and, presumably, the accu- 
racy of such determinations may thereby he 
increased. 

Expert appraisal of the blood-grouping reagents 

Samples of each of the final products were sub- 
mitted to a number of investigators experienced 
in the evaluation of such material. Their appraisals 
are indicated in Table VII. Each investigator 
employed his own procedures, and his results are 
therefore compared witli his simultaneous deter- 
minations of tire activities of the corresponding 
Reference Standards. 

SUMMARY 

Pooled plasma from group O donors, available 
in larger amount than that from group B donors, 
is superior to the latter in its activit}’ for red cells 
having the A.-agglutinogcn, and is about equal 
in its activity for Aj red cells. The anti-B activity 
of group O plasma may be removed. Specific 
anti- A globulin preparations with satisfactory- ag- 
glutinating properties have been produced from 
mixtures of O plus B blood by methods which are 
applicable to the large-scale commercial production 
of blood-grouping reagents. 

The author wishes to record his indcbtcdnc.s.s lo Prof. 
E. J. Cohn, who directed this project, and to thanV: Dr. 
G. Scatchard, Dr. J. F. Enders, Dr. I. T. E'U.iU, Dr. 
tv. C. Boyd, Dr. L. K. Diamond. Dr. E. DcGov.in, 
Dr. J. L. Oncley, Dr. D. A. Rid ■.crt, and Mr. J. VV. 
Cameron, all of whom suggested improvements in t'ne 
manuscript. The work here reported was made 
by those whose assistance lus .already Ixrcn ac>;nov.!rd."cd. 
and by the cooperation of the personnel of the M.^nadr,;- 
setts Antitoxin and Vaccine I-a’-oraf ry and r.f - Rr-'- 
ton Blood Donor Center of t!;e .•".meriran l!<-d Crri", 

-•In this rci;>ect, tV,e O (’.n* B matrri::' 
isdmmune B plamna (prepare-! ly injeet! n ef 
s-j’-iccti with s-deVe fro-j;, s-d <'..'.n:e). Dr. V.'. C, 

IJovd lias siiown to react al.,-.:t as v.e',; ' \r- zt 

with :';e Aj-aci-l-atinoren. 
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TAULE VII 


Expert appraisal of the blood-grouping reagents, compared with Reference Standards'' 




vs. At cells 

rs. AjlJ cells 



Investigator'’ 

Prep. 

number* 

Rcl. 

Rcl. avidity 

1 

Rcl. 

Rcl. avidity 

Specificity 

Comment 



titer 

(E) 

(C) 

(S) 

tiler 

(F) 

(C) 

(S) 



WCB 

AI-1 

0.5 

Wm 

2.5 

r= 

0.5 

2.5 

2.5 

> 

No reaction 

These preparations, cs- 

- 

AI-21 

1 

Wm 

2.5 

< 

0.5 

2 

2.1 

« 1 

with B or 0 

pecia 1 1 y A I -4 1 , en tircly 


AI-41 

1 

mm 

2.8 


8 

2.5 

2.5 

> 

cells 

satisfactory 

JWC& 

AM 

2 

1.3 

1.3 

> 

4 

2.5 

2.1 

> 



DAR 

AI-21 

1 

1 

1 

> 

3 

1.5 

1.2 

> 




AI-41 

2 

1 

1 

=:= 

6 

2.5 

2.4 

> 



LKD 

AI-1 

4 

1.4 

1.3 


16 

2.4 

2.6 

> 

No reaction 

Excellent 


AI-21 

4 

1.2 

0.7 

< 

8 

1.7 

2 

= 

with B or 0 

Good 


AI-41. 

8 

1.8 

1.4 


64 

5.5 

4.5 

> 

ceils 

Best of group 



vs. B cells 




WCB 

AI-31 



1.1 






No reaction 

Quite 


AI-Sl 

0.1 


1.1 

< 





with A or 0 
cells 

1 satisfactory 

1 

JWC& 

AI-31 

1 

1.2 

1.1 

> 





1 


DAR 

AI-51 

1 

1.2 

1.1 

> 






1 ^ 

LKD 

AI-31 

8 

1.5 

1.6 






No reaction 

E.vcellent testing serum 


AI-51 

4 

1.3 

1.3 

< 





with A or 0 

Good 











cells 



“ The "relative titer” is the ratio between the titer found for the preparation and that found in simultaneous test 
of the' Reference Standard. "Relative avidity” included (F), the ratio between the time required for the Reference 
Standard to give "first visible” agglutination and the time for the preparation to reach this stage; (C), similarly defined 
for "complete clumping” ; and (S), where we denote whether the preparation gives equal ( = ), larger ( > ), or smaller ( _< ) 
final clumps compared with those given by the Reference Standard. The anti*A preparations were compared with 
Reference Standard 104B: the anti-B preparations with 9193A. 

Investigators: WCB, Dr. William C. Boyd; JWC & DAR, Mr. James W. Cameron and Dr. Dan A. Richert; LKD, 
Dr. Louis K. Diamond. 

' The preparations tested were samples of the dried product reconstituted before use. 
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Whole plasma is distributed as a dry powder 
in the interests of preserving its labile constitu- 
ents. The albumin, the y-globulin, the fibrinogen, 
the thrombin, and most of the other products of 
plasma fractionation are prepared as dry powders 
and could also be distributed in the solid state. 
Separated from each other, purified of the en- 
zymes of plasma, many of them may be distributed, 
however, as stable concentrated solutions whose 
specific natural properties, both chemical and bio- 
logical, remain unaltered for protracted periods 
of time. 

In the fractionation process (1), each of the 
plasma proteins is precipitated in tlie neighbor- 
hood of its isoelectric point. The dry proteins can 
be dissolved at any concentration or in any diluent. 
Since the plasma proteins differ w'idely in their 
chemical properties and in their natural functions, 
the best diluent for each depends both upon these 
properties and upon the clinical uses for which the 
solution is prepared. 

Solutions intended for clinical use should gen- 
erally have a pH not too far from that of the 
blood ; a viscosity not much greater than that of 
blood ; an essentially isotonic concentration of 
solute molecules, which should, moreover, be 
chosen so as to enhance to any neccssaiy- level the 
stability of the dissolved proteins. Neutral iso- 
tonic sodium chloride has been found less cftcctivc 
in increasing the thcnnal stability of purified 
plasma proteins than certain other diluents. Thus 

’ This work h.as been c-irricd out under contract, 
recommended by the Committee on Medical Research. 
t'Ctween tlic Office of Scientific Rcscarcli and Dcvclo;'- 
mcnl and H.an'nrd University. 

• Tliis is ji.vjirr Ko, Sd in t!ic series, “Studies on Plasma 
Proteins," from Harvard Mei'.ical School, Boston. Jfas- 
s.'.rhu'ctts, on jirioducts develo;^! by the Dcy-.-irtment of 
Pliysir-it Oiemistrj- from Mood collected by the .Ameri- 
can l\c\i Cress. 


the Stability of the y-globulins is not greatly influ- 
enced by sodium chloride but is increased by 
sugars, by glycine, and by certain other non- 
electrolytes. Glycine has been adopted as the 
diluent in which y-globulin is now distributed to 
the Armed Forces and to the American Red Cross 
because it gives a sufficient stability, because it is 
not toxic, and because it is not a foreign sub- 
stance, but is a native constituent of the body. 
Although y-globulin solutions are more stable in 
higher concentrations of glycine,^ a 0.3 molal solu- 
tion has been chosen, since it is isotonic and, 
therefore, more satisfactorj’ for injection. 

Human serum albumin was developed as a 
blood derivative for the treatment of shock. The 
molecules of this plasma protein are large enough 
'to be held in the blood stream but small enough 
to have a high osmotic efficiency ,■* and are so sym- 
metrical that a 25 per cent solution is isoviscous 
with blood and so stable that it may be dispensed 
in aqueous solution: 

The first normal human serum albumin pro- 

’ It may prove unnecessary to stabilize v-fjlobulin sufTi- 
ciently to permit a high temperature treatment for the de- 
struction of viruses since antibodies against the virus of 
infectious hepatitis have been siiovvn to be present in 
globulins from large pools of plasma in sufficient quan- 
tities to give protection against the disease (2). More- 
over, such a treatment could not be recommended v.iih- 
out proof that bacterw and viruses arc less scable to be.it 
than the antibodies. 

* Osmotic pressure is used in its cla'sical sense to 
designate the equilibrium pressure across a merr.Vrane 
with absTut the same permeability as tb.e capillary walls 
(3). This is sometimes calle*! the cn':’'>tic. or to’.'t.',d 
osmotic, pressure. The osm.otic c.mrie.ncy cf a m-iteris! 
is proportional ts) tb.e volume of soluti'Ti r.t Ib.e o'-rviie 
pressure of plasma nhic.h is ; neluct-I !y u-.it v.eirl.t 'f 
slat nraterird. Osmctically rquis'a'ent qua.etiti" c: tv. o 
5ru:teriah arc tb.-.'e quar.titirs v.hirh ;rr.lsr.- - seme 
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duced by the Harvard Plasma Fractionation I^ibo- 
ratory was a 25 per cent solution of nearly iso- 
electric albumin in water (4) . This concentration 
was chosen to give the smallest j)ossiblc volume 
for transport without iticrcasing the viscosity so 
much as to render inconvenient the passage 
through bacteriological filters or injection through 
an intravenous needle. Very soon, however, the 
pH was adjusted to approximate neutrality in 
order to meet the objections to the infusion of an 
acid solution, and 0.15 mole sodium chloride per 
liter was added to render the solution isotonic.'^ 
As in the case of plasma, merthiolatc or a similar 
mercurial bacteriostatic agent was introduced at 
the request of the National Institute of Health 
when distribution for the Armed Forces began. 
Later, the sodium chloride content was increased 
to 0.3 mole per liter (6) in order to render a 
product distributed in solution more stable at high 
temperature such as might be expected to be en- 
countered under some militarj'- conditions. 

The use of normal human serum albumin as a 
diuretic agent (7) has led to a need for a prepara- 
tion which contains no mercury and but little so- 
dium ion. Solutions of isoelectric albumin with- 
out other added solute have been prepared for ex- 
perimental studies (8 to 10). Such solutions are 
strongly hypotonic and hemolyze red cells if in- 
jected rapidly without the addition of glucose or 
other solute to reduce hypotonicity. Such solu- 
tions are also acid and unstable. If it were impor- 
tant to inject sodium-free serum albumin, it could 
be prepared and distributed, as is plasma, as a 
sterile dry powder with sufficient glucose or other 
appropriate solute to render the reconstituted so- 
lution isotonic, or the isotonic glucose could be 
distributed in the diluent container. In either 
case, the package would occupy more than twice 
the volume of the present container, the solution 
would still be acid, and the advantage of distribut- 
ing a stable solution would be lost. 

Experimental studies have thus far failed to 
demonstrate any great advantage in an albumin 

® The tonicity of a solution is most conveniently meas- 
ured as the ratio of its freezing point depression to that 
of plasma, 0.56° C. (5). Thus a solution with freezing 
point depression less than 0.56° C. is hypotonic; one with 
a greater depression is hypertonic. The tonicity depends 
upon all the solute molecules, and not upon the colloids 
alone. 


solution from which the last traces of sodium have 
been removed. Indeed, the amount of .sodium re- 
quired to ticutralize albumin, and thus to avoid 
injection of an acid solution, is small in compari- 
son to the total sodium intake of a patient on a 
.salt-poor diet (8). Such albumin .solutions, neu- 
tralized with sodium bicarbonate, and in certain 
studies rctidcrcd isotonic with glucose, have also 
been prepared. They are far more stable than 
the isoelectric albumin solutions but less stable 
than the standard albumin solutions first devel- 
ojjcd for the Navy. Such salt-poor neutral so- 
dium " albuminate solutions arc also far less hypo- 
tonic than the isoelectric albumin though far lower 
in sodium ion than the present standard albumin 
solution and lower still than the osmotically equiva- 
lent volume of plasma. 

One hundred ml. of 25 per cent normal human 
scrum albumin is osmotically equivalent to 450 
ml. of plasma. This quantity of plasma contains 
about 1.6 grams of sodium ion.'^ The present 
standard albumin solution, which is 0.3 molal in 
sodium chloride, contains far less sodium ion, 0.9 
gram per 100 ml., and of this amount only 0.1 
gram is required to neutralize the albumin. A 
further 0.1 gram is required to neutralize the other 
acids, mostly acetic, which are carried down with 
the isoelectric albumin precipitate. The latter 
quantity could be largely eliminated by a furtlier 
purification of albumin carried out during process- 
ing. However, this quantity is small in compari- 
son with the 0.7 gram of sodium ions added to 
increase the thermal stability of albumin solutions 
to the present high standard. This amount of 
sodium ion can be greatly reduced by replacing 
sodium chloride with other reagents which would 
satisfy the conditions of thermal stability and 
tonicity at much lower sodium concentrations. 

THERMAL STABILITY OF ALBUMIN SOLUTIONS 

The profound influence of salts of non-polar 
anions in increasing the thermal stability of serum 

® It is possible that a stable, neutral, sodium-free solu- 
tion might be obtained by substituting some other cation 
for the sodium ion, but no more desirable cation has yet 
been suggested. 

^The osmotically equivalent quantity of the present 
citrated plasma contains an additional 0.5 gram of so- 
dium ion from the added sodium citrate, making the total 
sodium about 2.1 grams. 
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albumin has been beautifully demonstrated by amounts. Sodium mandelate, ace^dphenylalam- 
Luck and his co-workers (11, 12). In the ali- nate and acetyltrj^ptophanate are reported not to 
phatic series, this influence increases with the differ markedly from each other from the point of 
length of the paraffin chain, being greater for view of toxicity or of stability. Sodium mandelate 
butyrate than for acetate and far greater for cap- and d-acetyltryptophanate are presumably ex- 
rylate. Other non-polar anions, such as phenyl- creted, whereas 1-acetyl tiy'ptophanate appears on 
acetate and mandelate, have been shown to be at the basis of the evidence thus far available (15, 


least as satisfactory as the lower members of the 
aliphatic series. We have also found that sodium 
hippurate and other non-polar ions have a simi- 
lar stabilizing action. 

The replacement of 0.3 molal sodium chloride 
with 0.04 or 0.05 molal sodium phenylacetate or 
mandelate increases from 4 to 10 times the length 
of time during which serum albumin can be sub- 
jected to high temperatures. Moreover, this sub- 
stitution reduces to one-sixth or one-seventh the 
amount of sodium employed in .increasing the 
thermal stability of the protein. 

The structural similarity of phenylacetic and 
mandelic acids to acefylphenylalanine, a simple 
derivative of a natural amino acid, was pointed 
out,® and it was suggested that the sodium salt of 
this acid might also have an influence on the 
thermal stability of serum albumin. This sug- 
gestion has been tested by experiment and con- 
firmed. Substitution for acefylphenylalanine of 
the acetyl derivative of an amino acid in which 
albumin is deficient for nutrition was suggested by 
one of us (13). Crj'stallized human serum al- 
bumin contains but 0.19 per cent tryptophane 
(14) and must be supplemented by both trypto- 
phane and isolcucine to give satisfactory growth 
when fed to young rats (15 to 17). Whole 
plasma also is deficient in isoleucinc though not 
in tryptophane (IS). 

There arc thus a large number of non-polar 
anions tliat arc effective stabilizing agents for 
scrum albumin solutions. Butyric acid and tire 
next members of this series have strong odors. 
Phenylacetate and capiadatc arc more toxic than 
the others “ though none of these substances ap- 
pears to be toxic except when injected in large 


* \Vc .nrc irulct'tcd to Dr. H.nns T. Garkc for this just- 
jTcstion. tuntk at a nicctine of the Protein Comnrittce of 
tlic National Ivc5C.ircli Council. 

•' Stmlics on toxicity of th.c'C reaeent? tltat leivc tvem 
c.irrit\l cut hy Dr. J. Mnrr.ny Lt;c»: anl liic co-\s others 
anti al‘o hy Dr. Otto Kraycr arc continuinr. and Snal 


19) to be utilized by the animal body. These are 
the non-polar anions w'hich have thus far been used 
in the most extensive experiments in man (8) . 

Various methods have been used to follow the 
influence of reagents on the thermal stability of 
albumin solutions.’® The ultracentrifuge is used 
to determine the absence of any appreciable 
amount of aggregation into larger protein com- 
plexes or decomposition into elements of smaller 
molecular weight (20). Aggregation and decom- 
position, if they involve a large proportion of the 
dissolved molecules, are also reflected by changes 
in osmotic pressure (3). Incipient denaturation 
in these solutions, however, has generally been 
accompanied by an aggregation of too small a 
number of molecules to be noted by these methods. 
It is, however, readily observed by changes of 
viscosity or by the appearance of haze in the solu- 
tions, and can be most conveniently measured in 
a nephelometer (6). The clarity’ of albumin solu- 
tions after passage through appropriate bacterio- 
logical filters has generally been about 10 nephelo- 
metric units.” An increase of 20 nephelometric 
units brings these solutions to the range in which 
haze is barely perceptible to the eye. TIic haze is 
much less than that in reconstituted plasma, and 
there is no evidence that it is in any way harmful 
in either case, especially since there is a filter in 
each transfusion line to remove any large particles. 


judgrment regarding; the uscfulnc's of cifirylic acid v, ill be 
postponed until their completion. Thc.'c results will lx; 
reported el'e\vhere. 

In the case of -/-globulin':, the limiting fretor s'; of 
cottrse not the stability of the molecule, but of the con- 
firpiration upon t\!;ich antib'dy tiler ilepenb. In the 
case of prothrombin and th.rc'mbin, ard of i;;e vari'-.'s 
hormone? and enrtme? of pla'ma. the tta'i'.itv rf tie re- 
tivc principle mutt l<e cr.r.tilerc-i, a? v.rl! a? th.a; of t’;e 
prr'tcin 

mr.ttly 1 jrrr cct'.t rf < f ,2 l:.r! *. ! 

•il'fn'utc i iitv SI 0 
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However, haze may be employed as a quantitative 
measure of incipient protein denaturation. 

The further aggregation of protein leads in 
time to the appearance of a gel in the solution. 
The relation between the number of clays required 
for an increase of 20 nephelometric units as a re- 
sult of heating at S7° C. to that required for in- 
cipient gelation at this temperature is graphically 
represented for ISO preparations of nonnal human 
serum albumin in a previous communication (6). 
On the average it took about 3 limes as long to 
observe incipient gelation as to observe ncphelo- 
metrically the first visible haze. 

The measurements that have now been carried 
out in order to determine the influence of various 
stabilizing agents are presented in Tables I, II 
and III. The methods were the same as those 
used previously (6) but with standard human 
serum albumin (1) instead of crystallized albumin. 
The stabilizing agent was added as the sodium 
salt to prevent denaturation of the albumin. The 
albumin was neutralized with NaHCO^ except in 
the solutions described in Table II and in the 
fast column of Table III, Albumin B. All solu- 
tions were filtered through asbestos sterilizing 
filter pads (Seitz, serum No. 3), Studies were 


carried out at 57° C., 60° C., and 63° C., and the 
timc.s necessary for the increase of 20 nephelo- 
metric units and for gelation arc both recorded. 
Gelation seems to be less affected than turbidity 
by the very active stabilizing agents, and the ratio 
of times decreases from three to ahnost unity for 
the extremely stable solutions. 

In dilute solutions of the diluents, it is shown in 
Table I that the stabilizing action increases more 
raj)idly than the reagent concentration. In higher 
concentrations, however, the stabilizing effect ap- 
proaches a limiting value. The effects of sodium 
acctyltryptophanalc and of mandelatc arc nearly 
the same, the stability in 0.04 molal solution being 
2 or 3 times that in 0.3 molal sodium chloride. 
Sodium caprylate has a somewhat larger effect in 
0.01 molal and a much larger effect at higher 
concentrations. 

By cither method of estimating incipient de- 
naturation, the pH of optimum stability at these 
temperatures and in the diluents now reported ap- 
pears from Table II to be at reactions close to 
neutrality. In the presence of these diluents and 
at these temperatures, the pH range previously 
specified, 6.8 ± 0.2, still appears to be the opti- 
mum. 


TABLE I 

Effect of stabilizer concentration on stability 


Reagent 


pH 


Method of measuring 
denaturation 


Moles of reagent per liter 


0.01 

0.02 

0.03 

0.04 j 

I 

o.os 


0.3 


time in hours at 57° C. 


Albumin A 


Sodium chloride 

Sodium acetyltryptophane 
Sodium mandelate 

Sodium caprylate 

6.8 
6.65 
6.8 
' 6.65 

i 

Nephelometry“ 
i Nephelometry® 
Nephelometry® 

* Nephelometry® 

1 

24 

25 ’ 
40 

1 

i 

68 

71 ' 

480 

1 

225 

215 


81 

Albumin C 

Sodium chloride 

6.8 

Nephelometry® 


1 




38 

Sodium acetyltryptophane 

6.8 

Gelation 

70 

120 


390 

520 1 




Nephelometry® 

19 

40 


180 

430 i 

i 


Sodium mandelate 

6.8 

Gelation 

34 

120 


290 

670 




Nephelometry® 

11 

35 


1 129 

450 


Sodium caprylate 

6.8 

Gelation 

220 

820 


i 1400 

2400 




Nephelometry® 

70 

470 


1 1300 

1 

2100 ! 

j 



* Time in hours to increase 20 nephelometric units. 
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TABLE n 

Effect of hydrogen ion concentration on stability of 
human serum albumin 

A. Solutions containing 0.04 mole sodium 
acetyl tryptophanate and 0.1 mole isoleucine 


Tern- 

p<ira- 

turc 

Method of meas- 
uring denaturation 

pH 

6.6 

6.8 

7.0 

7.2 

7S 

time in hours 

57° C. 

Gelation 

350 

350 

350 

320 

290 


Nephelometry” 

106 

122 

1 146 

164 

142 

60° C. 

Gelation 

80 

80 

80 

70 

50 


Nephelometry* 

24 

27 

32 

30 

22 

63° C. 

Gelation 

12 

12 

12 

10 

7.5 


Nephelometry'' 

3.2 

3.4 

3.4 

3.3 

2.2 



time in hours after JO hours at 6(P C, 

57° C. 

Gelation 

300 

300 

300 

280 



Nephelometry* 

94 

84 

123 

no 

76 


Nephelometry*’ 

72 

70 

96 

96 

64 


B. Solutions containing 0.04 mole sodium 
acetyltryptophanate 




pH 




6.9 

1 

I 

1 

' 7.6 

i 

1 



1 time in hours after JO hours at 60^ C, 

57° C. 

Gelation 

340 

350 

320 

220 



Nephelometry* 

27 

107 

120 

57 



Ncphclometty*’ 

18 

89 

110 

48 



* Hours to increase turbidity by 20 nephelometric units. 
Hours to increase turbidity to value 20 nephelometric 
units above Uiat before heating at 00° C. 


Tliesc results may also be employed in calculat- 
ing the average temperature coelTicient of stability. 
The length of time that albumin solutions main- 
tain the same stability at these temperatures is 
approximately halved by each increase of 1°C. 
The average temperature coefficients vam- from 
1.6 to 1.9 for the range 57° C. to 60° C. and from 
2.0 to 2.2 for the range from 60° C. to 63° C. 
The temperature cocfncicnt appears to increase 
.slightly with increase in temperature and also with 
increase in alkalinity. 

m;.\T TREATMENT OE HUMAN SERU.M .ALBUMIN 
IN ITN.M. CONT.AINERS 

1-oT a h'ug time there lias been a search for 
some substitute for mrrairial Ixictcriostntic agents 


in plasma and in albumin solutions. Not only do 
they appear to be much less effective in concen- 
trated protein solutions than in many other media, 
but also a limiting factor in the amount of albu- 
min, as of plasma, that can be safely injected in 
certain conditions may become the toxicit)' of the 
mercurial added as a preservative. A heat treat- 
ment similar to pasteurization seems to offer a 
simple way of eliminating to a considerable degree 
the necessity of a mercurial. It has the further 
advantage of destro 5 dng viruses, which might be 
present, as well as bacteria.^- 

There is very little information upon which to 
determine the heat treatment necessarj' to destroy 
bacteria or viruses. Preliminary experiments 
indicate that vaccinia \drus is completely destroyed 
in 1 hour at 57° C. or 3.5 minutes at 68° C. in 
the presence of sodium mandelate and probably 
in the presence of sodium phen 3 ’lacetate. Some 
results (21, 22) indicate, however, that the ac- 
tivity of tobacco mosaic virus is destroyed much 
more slowly. The rate of destruction is approxi- 
mately doubled for each degree rise in tempera- 
ture, just as for the denaturation of human serum 
albumin. We have studied the effect on the 57° 
stability of heating 10 hours at 60° C. albumin 
solutions with 0.04 molal sodium acetyltryp- 
tophanate or 0.04 molal sodium mandelate as 
stabilizing agents, and the results are shown in 
Tables II and III. As measured by either method, 
the stabilities are still greater than that of the 
same albumin with 0.3 molal sodium chloride as 
diluent. The albumin sample which we have stud- 
ied most thoroughl}' maj’ be heated 17 hours at 
60° C. with 0.04 molal sodium acctyltrj'ptophanate 
before its stability is reduced to that with 0.3 
molal sodium diloride. It may be found that for 
the destruction of some viru.=es or bacteria, it is 
desirable to heat for a shorter time at a higher 

.An alternative mclhcyl for tlic (Ic5tn:ction of vini'r^ 
and Mctcria might l>c the addition of formalin to the 


final albumin solution. 

wT'.ich 

r.lfo ir.c: 


stability, Hrcperimer.ts 

with 

25 

ccr.t 

crystallized I'-ovir.c alb-.: 

::nri 1 

uve 
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which will be eliminated by the body in different 
ways. It is probable that a little caprylate added 
to the sodium acetyltryptophanate will be veiy 
useful if extreme stability becomes important. 

From Table III, it is evident tliat a mixture of 
0.02 molal acetyltryptophanate and 0.02 molal 
caprylate gives a greater stability at 63° C. than 
does 0.04 molal acetyltryptophanate at 60° C. 
The sodium ion concentration is the same, and the 
tryptophane is sufficient to make the albumin com- 
plete for gro^vth in rats (15 to 17). It should 
be practicable to heat this solution 10 hours at 
64° C. 

TONICITY OF ALBUMIN SOLUTIONS 

The 25 per cent albumin solution containing 0.3 
molal sodium chloride is very hypertonic. Its 
freezing point depression is about 3 times that of 
plasma although the ratio of total solutes to os- 
motically active solutes is only half that of plasma 
because of its very high concentration. The low 
salt albumins, on the other hand, are distinctly 
hypotonic. That containing 0.3 gram per cent 
sodium has a freezing point depression tliree- 
quarters that of plasma, and removal of the ace- 
tate may be expected to reduce the depression to 
half that of plasma. The isoelectric albumin with 
water as diluent is extremely hypotonic. Tabic 
IV shows the sodium content, and the freezing 


point depression of several albumin preparations, 
as well as their effect on human red blood cells. 
Only the isoelectric albumin solutions lake tlie 
cells. 

The addition .of d,l-isoleucine at a concentration 
of 0.1 molal to 25 per cent albumin containing 0.04 
molal acetyltryptophanate is reported to make the 
solution complete for growth in young rats (15 to 
17), and will increase the freering point depres- 
sion to 0.9 to 1.2 times that of plasma without 
change in the sodium content or in the stability of 
the albumin. The use of such a diluent has the 
further advantage that the alkali necessary' to neu- 
tralize the albumin and the absorbed acids can 
be added as a buffer mixture of sodium isoleuci- 
nate and isoleucine together with the sodium 
acetyltryptophanate. This makes unnecessary the 
use of sodium bicarbonate to prevent excessive lo- 
cal alkalinity during the neutralization and elimi- 
nates the possibility of a shift in pH due to loss of 
carbon dioxide. The stabilities of such solutions 
are presented in Table II. These advantages, 
other than the possible nutritional value, can also 
be obtained from glycine. 

THE NEW STANDARD ALBUMIN SOLUTION 

There is a great advantage in having an albumin 
solution which either can be infused alone or can 
be used combined with any appropriate diluent 


TABLE IV 


Sodium content and tonicity of albumin solutions 


Albumin type 

DUucni 

Number 

pH 

Sodium 

Frccrinc 

poinTdr- 

prc55ion^ 

1 rcrccnl3S« chants in volume: of jneVed 

1 red cnlls^ 



1 


1 frenj 

trr 


I 

II 

III 

Shand.ard 

0.3 mole NaCl 

93R 

6.8 

0.97 

1.76 

-17 

i 

-24 1 

— 32 

Standard 

0.3 mole NaCl 

97R: 


-IS 1 


Low salt 

0.04 mole sodium ^ 

1S3 i 

7.3 

0.32 

0.47 

4-19 


4-11 

Low salt 

acetyl tryptopbanate 
0.04 mole sodium 

158 

7.0 

0.29 

0.42 ' 

4-29 

1 


4-18 

Low salt 

acetyl tryptoplaanalc 
0.04 mole sodium 

ISSH-i 

7.0 

0.29 

0.42 

-f'27 

j 

4-26 1 

4-16 

&alt-frcc 

acetad tn-ptopbanate 





none 

149 

4.8 

0.00 

o.os 

label ! 

bbed 

I.abed 


• Mc.ifurcmcnU made by Miss K. F.ahcy in the bboraton- of Dr. J.amcs L. Gnmb'e, Children lUeum 
made l)y Dr. Alexander Brown and .Miss J. Weehs. 7>.c point dtprc'’hn o! pb.jrr.a it 


0.56' C. (5). 

' .Mc.asnromcnts m.idc by Dr. Fmnl: L. Pbebte in ibc blwmtcra-of Dr. Charles A. lanewav Q 1' 5»r 
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wnlnfur.ed for 2 bourr .at r.SOD RPM; ropernaLant pbrma examiner] for hemolysis.' ‘Ccr.trr’' r- 


’.c-f at 5"’ C. for X 


l!rp.ar!m.-c-.! bh»] mixed viith 2 ml. of the donor’r phasma. 
11 .and 111. 

■*155 lic-ated ten bonrs at 60' C, 


Determinations ntre maide 


-h 




Xhrtr: c.’.Itrtr.t 


: ital. 

■.lei 

1, 










678 


SCATCIIARD, STRONG, IlUGIlKS, ASHWORTH, AND SRARROW 


for a particular therapeutic use. Such coinbitia- 
tion was foreseen at an earl)’’ dale, and the stand- 
ard Ann 3 f-Navy double-ended bottle was de- 
signed to permit the intravenous administration 
of saline, glucose, or other solution with the albu- 
min. It has sometimes been found even more 
convenient in the field to mix 2 fluids by insert- 
ing the needle attached to the container of 1 solu- 
tion into the rubber tube through which the other 
is being injected.^® Sufficient saline or glucose 
may readily be added so that the average albumin 
concentration is isosmotic with plasma or even 
more dilute. This ma)' be desirable in severe 
shoclc or in marked dehydration. If it is desired 
to administer a large amount of base, it can be 
added as an isotonic solution of sodium lactate or 
other similar salt. Although it is possible to in- 
crease the ratio of sodium to albutnin to any ex- 
tent by simultaneous injection, it is not possible to 
decrease it in this way below the ratio in the origi- 
nal albumin solution, and a low ratio appears de- 
sirable if the albumin is to be used as a diuretic. 
A solution of 25 per cent albumin at pH 6.8 with 
0.04 molal sodium acetyltryptophanate and 0.1 
molal isoleucine if indicated,^® without a mercurial 
bacteriostatic agent, but pasteurized 10 hours at 
60° C. or an equivalent time at some other tem- 
perature, has therefore been recommended, not 
only as a diuretic agent, but also to replace for 
use in shock the sodium chloride containing albu- 
min heretofore available. On the basis of the 
accumulated chemical and clinical evidence, the 
Navy is now procuring albumin according to these 
specifications. 

SUMMARY 

(i) Normal human serum albumin, like other 
products of plasma fractionation, is separated near 
its isoelectric point and prepared as a dry white 
powder. It can, therefore, be redissolved at any 
concentration and distributed in any diluent. 

The package adopted by the Armed Forces for the 
standard 25 per cent albumin solution was developed by 
Captain Lloyd R. Newhouser, Medical Corps, United 
States Navy and Lt. Col. Douglas Kendrick, Medical 
Corps, United States Army. 

This method has been of greatest utility in the sup- 
plementing of whole blood infusions with concentrated 
albumin solutions. 

The heat treatment may possibly alter the nutri- 
tional value of the albumin. 


(2) The 25 per cent neutral solution that lias 
been made available to the Armed Forces has the 
advantage of .small volume, high osmotic efficiency, 
low vi.scosily and high thermal stability. No 
changes have been .suggested to improve its safety 
and cfTcctivcncss for u.se in .shock. 

( 3 ) Use of normal human scrum albumin as a 
diuretic agent has led to the development of a 
preparation which contains no mercurial preserva- 
tive and but very little sodium. The clinical stud- 
ies on the use of such preparations in shock, as 
well as in other conditions, are reported elsewhere. 

(“/) One hundred ml. of 25 per cent nonnal 
human scrum albumin neutralized to pH 6.8 con- 
tains 0.2 gram of sodium. It is osmotically 
equivalent to 450 ml. of plasma which contains 1.6 
grams of sodium or to 500 ml. of citrated plasma 
which contains 2.1 grams. Further reduction in 
the sodium content of standard neutral albumin 
preparations could be effected since but O.I gram 
is bound by the albumin and 0.1 gram is present 
as sodium acetate and citrate. 

(5) The addition of 0.1 gram of sodium as 
the salt of a non-polar anion, such as acet 3 dtr)'p- 
tophanate or mandelate (0.04 molal), is sufficient 
to render the albumin more stable than in previous 
preparations which contained 3 times as much 
sodium. 

(6) Acetyltryptophane in this amount is suf- 
ficient to supplement the albumin with respect to 
the amino acid in which it is most deficient. Addi- 
tion of 0.1 molal isoleucine, in which plasma as a 
whole is also deficient, renders albumin adequate 
for the growth of rats. 

(7) The standard albumin with 0.04 molal salt 
is moderately hypotonic. The addition of 0.1 
molal amino acid makes it approximately isotonic. 

(5) Albumin stabilized with 0.04 molal acetyl- 
tryptophane or mandelate may be heated for 10 
hours at 60° C. and remain more stable than the 
present albumin. Still higher temperatures and 
longer times could be achieved by the use of larger 
amounts and different combinations of stabilizing 
reagents. It should thus be possible to determine 
conditions such that the albumin will remain 
stable, while bacteria and viruses will be de- 
stroyed. 

(P) The heating of albumin for 10 hours or 
more at 60° C. or higher in the final containers 
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should render it reasonably safe to eliminate the 
addition of a mercurial bacteriostatic agent and 
thus to make available a blood derivative of high 
osmotic efficiency and low sodium content which 
can be used in large amounts, not only in shock, 
but in a variety of other conditions. 

BIBLIOGRAPHY 

1. Cohn, E. J., Strong, L. E., Hughes, W. L., Jr., 

Mulford, D. J., Ashworth, J. N., and Melin, M., 
Preparation and Properties of Serum and Plasma 
Proteins. IV. A System for the Separation into 
Fractions of the Protein and Lipoprotein Com- 
ponents of Biological Tissues and Fluids. To be 
published. 

2. Stokes, J., Jr., and Neefe, J. R., The prevention and 

attenuation of infectious hepatitis by gamma globu- 
lin. J. A. M. A., 1945, 127, 144. 

3. Scatchard, G., Batchelder, A. C., and Brown, A., 

Chemical, clinical, and immunological studies on 
the products of human plasma fractionation. VI. 
The osmotic pressure of plasma and of serum al- 
bumin. J. Clin. Invest., 1944, 23, 458. 

4. Cohn, E. J., Properties and functions of plasma pro- 

teins, with a consideration of the methods for their 
separation and purification. Chem. Rev., 1941, 28, 
395. 

5. Gram, H. C., Observations on the regulation of os- 

motic pressure (conductivity, chlorides, freezing 
point, and proteins of serum). J. Biol. Chem., 
1923, 56, 593. 

6. Scatchard, G., Gibson, S. T., Woodruff, L. M., 

Batchelder, A. C., and Brown, A., Qiemical, clini- 
cal, and immunological studies on the products of 
human plasma fractionation. IV. A study of the 
thermal stability of human scrum albumin. J, 
Clin. Invest., 1944, 23, 445. 

7. janeway, C. A., Gibson, S. T., Woodruff, L. M., 

Hcyl, J. T., Bailey, O. T., and Newhouser, L. R., 
Chemical, clinical, and immunological studies on 
the products of human plasma fractionation. VII. 
Concentrated human scrum albumin. J. Qin. In- 
vest,, 1944 , 23, 465. 

8. Thorn, G. W., Armstrong, S. H., Jr., Dickerson, 

V. C., Woodruff, L. M., and Tyler, F. H., Qicmi- 
cal, clinical, .and immunological studies on the 
products of human plasma fractionation. XXVII. 
The use of salt-poor concentrated b.uman serum 
albumin solution in the treatment of chronic 
Bright’s disease. J. Qin. Invest., In press. 


9. Thom, G. W., Armstrong, S. H., Jr., and Dickerson, 

V. C., Chemical, clinical, and immunological studies 
on the products of human plasma fractionation. 
XXVIII. The use of salt-poor concentrated human 
albumin solution in the treatment of hepatic cir- 
rhosis. To be published. 

10. Hutchins, G., and Janeway, C. A., Personal com- 

munication. 

11. Ballou, G. A., Boyer, P. D., Luck, J. M., and Lum, 

F. G., Chemical, clinical, and immunological studies 
on the products of human plasma fractionation. 

V. The influence of non-polar anions on the thermal 
stability of serum albumin. J. Qin. Invest, 1944, 
23, 454. 

12. Ballou, G. A., Boyer, P. D., Luck, J. M., and Lum, 

F. G., The heat coagulation of human serum al- 
bumin. J. Biol. Chem., 1944, 153, 589. 

13. Cohn, E. J., Blood, blood derivatives, and blood substi- 

tutes. Proc. Am. Phil. Soc,, 1944, 88, 159, footnote 
p. 167. 

14. Brand, E., Kassell, B., and Saidel, L. J., Chemical, 

clinical, and immunological studies on the products 
of human plasma fractionation. III. Amino acid 
composition of plasma proteins. J. Clin. Invest., 
1944, 23, 437. 

15. Hegsted, D. M., Hay, A., and Stare, F. J., Chemical, 

clinical, and immunological studies on the products 
of human plasma fractionation. XXIV. Studies 
on the nutritive value of human plasma fractions. 
J. Clin. Inv.cst, In press. 

16. Stare, F. J., and Davidson, C. S., Protein: its role in 

human nutrition. J. A. M. A., 1945, 127, 985. 

17. Thom, G. W., and Stare, F. J., Protein nutrition in 

problems of medical interest. J. A. M. A., In 
press. 

18. Hegsted, D. M., McKibben, J. M., and Stare, F. J., 

The nutritive value of human plasma for the rat. 
J. Clin. Invest., 1944, 23, 705. 

19. du Vigneaud, V., Scalock, R. R., and Van Ettcn, C., 

The availability of rf-tO'Ptophanc and its acetyl 
derivative to the animal body. J. Biol. Chem., 
1932, 98, 565. 

20. Cohn, E. J., Oncley, J. L., Strong, L. E., Hughes, 

W. L., Jr., and Armstrong, S. H., Jr., Chemic.al, 
clinical, and immunological studies on the pro<lucts 
of human plasma fractionation. I. The chnrnctcr- 
istizalion of the protein fractions of human plasma. 
J. Qin. Invest., 1944, 23, 417. 

21. LaufTcr, M. A., and Price. W. C., Thermal denatura- 

tion of tobacco m.osaic vims. J. Biol. Chem., 
1940. 133, 1. 

22. Price, W. C, Th.erm.al inactismticn rates of fmm jl.-m.t 

vi.mses. Arch. f. d. pes. Vimsforsch., 1941, 1. 37J, 



THE TREATMENT OF EXPERIMENTAL HYPOPARATHYROIDISM 

IN DOGS 

Bv E. W. McCHESKEY anii N. J, GIACOMINO 
(From the Research Laboratories, IFinlhro/' Chemical Company, Inc., Rensselaer, N. F,) 

(Received for publication February 10, 1945) 


In subtotal thyroidectomy in human subjects, a 
significant amount of the parathyroid tissue is fre- 
quently removed, so that some of these patients 
show the characteristic symptoms of hypopara- 
thyroidism. Although preparations of parathy- 
roid hormone are available for tlie treatment of 
this condition, administration of dihydrotachy- 
sterol (Hytakerol) has become largely the method 
of choice, and clinical experience with it has been 
almost entirely favorable (1 to 3). A review of 
the chemical and biological properties of this 
preparation has been published by another in- 
vestigator (4) . Vitamins D^ and Dj are calcemic 
and therefore might also be satisfactory for the 
treatment of these patients on theoretical grounds. 
In fact, there are clinical reports which indicate 
that the substitution may be made (5 to 8). It 
has been pointed out (9) that the chief bar to 
such substitution is psychological, i.c., there is a 
fear of overdosage (since adequate therapy may 
require millions of units) or of toxicity (since the 
early preparations of vitamin Dj did actually con- 
tain toxic irradiation by-products). A compara- 
tive study of the effects of adequate doses of the 
3 preparations on the calcium and phosphorus 
metabolism of the normal dog has been reported 
froin this laboratory (10). 

Since data on human subjects are accumulated 
very slowly, it seemed worth while to carry out a 
study of the treatment of parathyroid insufficiency 
in dogs, comparing the methods of treatment now 
commonly used'; namely, the administration of 
calcium salts, parathyroid extract, vitamin Dg, 
vitamin Dg, and dihydrotachysterol. The pur- 
pose of this work has been (a) to determine the 
doses of these preparations required to bring dogs 
from the borderline of tetany to normal or slightly- 
elevated serum calcium values, (b) to determine 
the duration of action of therapeutic doses, and 
(c) to compare the calcium and phosphorus me- 
tabolism of normal and thyroid-parathyroidec- 
tomized dogs. It was hoped that the principles 


which might be developed would facilitate and 
stimulate further comparative trials of the 3 prin- 
ciples in the treatment of human parathyroid in- 
sulficicncy. 


EXrr.RIMKNTAL METHODS 

Ten adult mongrel dogs in good health were selected 
as c.'cpcrimental subjects. They were taken in 2 groups 
of 5 in order that the principles discovered experimentally 
in the first group could be checked in the second group. 
For a period of several weeks the first group of animals 
was accustomed to a standard diet consisting of Old 
Trusty Supreme Mcal,^ 1 per cent of bone meal (to pre- 
vent diarrhea) and 1 pint of milk daily (Diet I). The 
diet was given in adequate amounts for the size of the 
dogs involved. However, later it was found necessary 
to change this diet to one having a lower calcium and 
phosphorus content, but with the same caloric value. 

During the preliminary control period a number of de- 
terminations of scrum calcium and phosphorus were 
made. The values found fell within the normal range of 
calcium, 9.5 to 11.2 mgm. per cent, and phosphorus, 3.5 
to 5.5 mgm. per cent, except that 1 dog usually had a 
phosphorus of 7 to 8 mgm. per cent. Calcium was deter- 
mined (usually 3 times weekly throughout the experi- 
ment unless stated otherwise) by the method of Clark 
and Collip (11), and phosphorus (less frequently) by the 
method of Fiske and Subbarow (12). 

Total thyroid- and parathyroidectomy was performed 
under aseptic conditions. Calcium determinations w’ere 
then made daily until such time as the dog went into 
tetany, or until the serum calcium fell to very low levels 
(i.e., 7.5 mgm. per cent or less). This usually occurred 
within 2 or 3 days but in a few cases was delayed as long 
as 6 or 7 days. When the serum calcium fell to these low 
levels the animals were considered ready for study. 


RESULTS 


The experimental protocols are too extensive to 
give in detail. The pertinent data for 1 typical 


^ Manufactured by Old 
Needham Heights, Mass. 
Protein 28 per cent 

Fat 4 per cent 

Carbohydrate 47 per cent 

Our analysis : 

Calcium 1.47 


Trusty Dog Food Company, 
Their analysis: 

Fiber 3.5 per cent 

Ash 10 per cent 

Calcium Phosphorus ratio 
1.5/1 


per cent; Phosphorus 0.75 per cent 
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TIME IN DAYS 

Fig. 1. Blood Serum Calctum and Inorganic Phosphorus of 1 Doc for the Entire Experimental Period 


O = Operated 

Pi = Parathyroid extract, 50 units per hgm. 
Pi = Parathyroid extract, 100 units per kgm. 
Di = Vitamin Di, 2 tngm. per kgm. 

A = Qianged to liver diet 

B = Returned to diet I 

DiX = Vitamin Dj, 0.5 mgm. per kgm. 

C = Qianged to liver diet 
D = Qianged to diet II 


Da = Vitamin Di. 2 mgm. per kgm. 

A.T. = Dihydrotachysterol, I mgm. per kgm. 

E = Added calcium carbonate to give calcium/phosphorus: 2/1 in diet 
F = Returned to diet I 


animal, for tlic entire experimental period, arc 
given graphically in Figure 1, and a summary of 
the data on all of the animals is given in Table I. 
Tlic following is a general characterization of the 
results and the principles derived from them. 

1. Trcalmcnt wtl; calduv: (ihicoitatc. A sus- 
pension of calcium gluconate in water was given 
orally in qu.intitics sufricient to represent i or 2 
grams per kgtn. body weight per day (I dose per 
day). In addition, t!;c animals were given I or 


2 grams of ammonium chloride in the form of 
cnleric-coatcd tablets for the purpose of relieving 
their alkalosis (13). In this ■'.v.ay, it v.-n.s j>r, 5 . 
sihlc to keep them alive and clinically in good 
condition, although the scrum calcium iv.as never 
found to rise over 7 mgm. p-jr cent. In the few 
cases where th.e animals actuallv went into tetanv, 
calcium gluconate was injected ir.trr.ver.''mlv as a 
5 per cc.n; solution, and rifte.wvard rrr.l calr;:;::! 
gluconate acminist ration sntneed. 
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TABLE I 


Effect of various medications and diets on the response of the 
parathyroidcctomized dof; 


Medication 

Units 

AvcraRC scrum calcium 

Dura- 
tion 
of re- 
sponse 

Dirl*» 

Initial 

Peak 

In- 

crease 

Paratliyroid 

extract 

Vitamin Dj 

Vitamin Ds 

Dihydro- 
tachysterol 1 

inRin. 

Per 

ksm. 

50 

SO 

50 

100 

100 

5 

2 

2 

2 

2 

2 

1 

1 

7.0 

6.0 

7.4 

6.5 
7.3 
7.2 

6.7 
7.2 

7.8 
7.2 

7.5 
7.5 

6.8 

8.8 

9.1 

11.0 

9.6 

11.4 

17.4 

16.4 

12.3 

12.4 
12.2 
12.9 
12.8 
14.0 

1.8 

3.1 

3.6 

3.1 

4.1 
10.2 

9.7 

5.1 
4.6 
5.0 
5.4 
5.3 

7.2 

days* 

11 

7 

9 

10 

7 

60 

31 

24 

28 

26 

27 

41 

33 

1 

Liver 

111 

I 

111 

I. II 

I 

II 

III 

II 

III 

11 

HI 


* Defined as the elapsed time until the serum calcium 
again fell below 8_mgm. per cent. 

** The composition of tl\e diets is stated in the text. 
The analysis follows: Diet I, 2.40 per cent calcium, 1.15 
per cent phosphorus; Diet II, 0.35 per cent calcium, 0.48 
per cent phosphorus; Diet III, 0.96 per cent calcium, 
0.55 per cent phosphorus. Liver contains about 0.02 per 
cent calcium, 0.53 per cent phosphorus (variable). 

2. Treatment zvith parathyroid extract. The 
extract was injected as single doses intramuscu- 
larly at 2 different levels: 50 and 100 units per 
kgm. body weight. The response to this treat- 
rnent was somewhat variable both as to magnitude 
and duration of rise in serum calcium. In general 
a dose of 100 units per kgm. caused a maximal 
rise of 3 to 4 mgm. per cent in serum calcium and 
a fall of 1 to 3 mgm. per cent in serum phosphorus. 
The rise in calcium was usually noted within 24 
hours, and the maximal rise was ordinarily noted 
then, although in some cases higher values were 
obtained on the third or fourth day post-medica- 
tion. The elevated calcium values persisted for 
about 7 days as a rule. This is in marked con- 
trast to the response of normal dogs in which an 
elevated serum calcium persists for only 18 to 36 
hours post-medication (14, 15). The response 
was not noticeably affected by diet, and the dif- 
ference between the responses to dosages of 50 
and 100 units per kgm. was rather small. 

The animal considered to be the most typical re- 
sponded as follows : After a dose of 50 units per kgm. 
body weight, the serum calcium rose on the third day to 
a level of 1.8 mgm. per cent above its base line (6.3 mgm. 


per cent). The scrum phosphorus ft-11 2.8 mgm. per cent 
on the fir.st day .after iiicdic.ation, hut ro.se .again to its 
base line (9.7 mgm. per cent) on the second d.ay. On 
the fifth day, hnlli calcium and phn.sphorus values were 
at their original levels, and a dose of 100 units per kgm. 
was gis'cn. On the second d.ay after this dose, tiie scrum 
calcium had increased by .3.9 mgm. tier cent. No change 
in scrum phosphorus was noted. The base level for c.al- 
cium was reached on the seventh ti.ay, when another dose 
of 100 units per kgm. was given. The maximal rise was 
again 3.9 mgm. per cent on the second day with the base 
level reached on the seventh d.ay. There was a slight 
temporary fall in scrum phosphorus. 

3. Treatment zvith vitamin D„. The general 
principles we followed in studying the activated 
sterols were: (1) to determine the amount of the 
single dose required to elevate the serum calcium 
from a value of 6 to 8 mgm. per cent to 11 to 12 
mgm, per cent, and (2) to study the duration of 
the effects of single doses so chosen. 

It was found earlier (10) that doses of S mgm. per 
kgm. of vitamin Dj (tliat is, 200,000 I.U. per kgm.) would 
cause a rise of 4 to 6 mgm. per cent in the serum calcium 
of a normal dog. Accordingly, this dosage was given 
orally in oil to the parathyroidcctomized dogs. It proved 
to .be far too much ; the scrum calcium of the dogs so 
treated rose rapidly to 16 to 18 mgm. per cent and re- 
mained at that level for several days. A more physio- 
logical level was obtained by changing the diet. The 
milk was removed from the diet, and then the bone meal. 
Finally, it was necessary to remove the Old Trusty Meal 
and substitute liver, a substance containing phosphorus, 
but practically devoid of calcium. This brought the cal- 
cium down to 8 to 9 mgm. per cent, but any substitution 
of the original ingredients of the diet produced an im- 
mediate rise. A physiological scrum calcium value could 
only be maintained on the very low calcium diet. Subse- 
quently on other animals it was found that a dose of 2 
mgm. per kgm., with the original diet, still gave too 
great a response. However, a dose of 0.75 to 1 mgm. 
per kgm. gave a rise of 4 to 5 mgm. per cent, which was 
of the desired magnitude. 

In later experiments, a diet (Diet II) consisting of 
(for a 10-kgm. dog), raw beef liver, 417 grams. Old 
Trusty Meal, 82 grams, and bone meal, 1.7 grams, was 
given. This diet contained 0.35 per cent calcium and 0.48 
per cent phosphorus. For one period of about a month, 
it was necessary to substitute pork kidney for beef liver; 
this did not alter the calcium and phosphorus content of 
the whole diet appreciably. The diet yielded, for a 10- 
kgm. dog, 1.75 grams of calcium, 2.40 grams of phos- 
phorus per day. In general, it was completely consumed. 

On this diet the dogs at least maintained their body 
weights and some gained rapidly. A parathyroidec- 
tomized dog receiving this diet, and a single dose of 2 
mgm. per kgm. of vitamin Ds (when its serum calcium 
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was 7 to 8 mgm. per cent), responded with a maximal 
rise to 11.5 to 13.5 mgm. per cent, usually on the third 
or fourth day after medication, but occasionally later, 
and did not need another treatment for 3 to 6 weeks. 
The average protection was about 35 days. 

4. Treatment with vitamin D^. When the work 
with vitamin D 3 was begun, most of experimental 
difficulties had been corrected, and it was pos- 
sible to proceed more directly to the final conclu- 
sion. The animals were continued on Diet II and 
a single dose of 2 mgm. per kgm. was invariably 
given. The responses very closely paralleled those 
observed for vitamin D,. The maximal rise noted 
was to a level of 11.7 to 13.7 mgm. per cent at 
from 3 to 7 days post-medication. A rise of this 
magnitude would require a dosage of 5 mgm. per 
kgm. in the normal dog. The duration of the re- 
sponse was usually 23 to 30 days, or not particu- 
larly different from what was observed ( 10 ) in 
the normal dog. (It was considered that the re- 
sponse was at an end when the serum calcium 
again fell below 8 mgm. per cent.) The general 
picture with vitamin D 3 does not differ signifi- 
cantly from that observed with vitamin D,. 

5. Treatment with dihydroiachystcroL The 
bioassay of this material on the basis of its hyper- 
calcemic effect w'as described in an earlier paper 
(16). Of the commercial material, 1 ml. contains 
about 1.25 mgm. of the active principle, and this 
principle has about twice the calcemic effect of 
vitamins D, or Dj in the rat (9, 17) but more 
than twice the calcemic effect of vitamins D, and 
D 3 in the normal dog (10). In human hypo- 
parathyroid subjects, the ratio seems to be about 
6 ; 1 since between 4 and 8 mgm. of vitamin D- 
are equivalent to each mgm. of dihydrotachysterol 
(S, 9). As a first approximation, it was decided 
to give the dogs 1 mgm. per kgm. of dihydro- 
tacliysterol in conjunction with the same diet 
(II) as used for the vitamin Dj experiments. 
The scrum calcium rose to the desired levels; the 
maxima were 11.4 to 14.6 mgm. per cent (tisualiy 
about 13.0 mgm. per cent) on the third to fifth 
day post-mcdicalion, and the duration of the re- 
sponse was usually 16 to 40 days. Therefore, 
other dose levels were not investigated. 

One anintal received 3 successive treatments 
with this preparation (sec Figure 1). The initial 
scrum c.alcium \-aIucs were always 7.4 to 7.S mgm. 
JHT cent, nt’.d the pe.ak v.alues were 11.4 to 13.9 


mgm. per cent. The duration of the response was 
19 to 30 days. A radical increase in the calcium 
content of the diet (from 0.38 per cent calcium, 
0.46 per cent phosphorus, to 0.92 per cent cal- 
cium, 0.46 per cent phosphorus) did not alter the 
character of the response either as to magnitude 
or duration. 

REPETITION OF EXPERIMENTS 

In order that the conclusions could be verified 
under better controlled conditions, and profiting 
by the principles already developed, a second 
group of dogs was prepared for experiment. They 
were kept from the outset on a diet (Diet III) 
containing (for a 10-kgm. dog) Old Trusty Meal, 
98 grams, dried bread crumbs, 125 grams, bone 
meal, 2 grams. This was mixed with water to 
form a mixture of suitable consistency, and in gen- 
eral it was completely consumed. The dogs all 
maintained body weight on this diet and some 
showed considerable gain. The diet analyzed 0.96 
per cent calcium, 0.55 per cent phosphorus, and 
yielded, for a 10-kgm. dog, 2.15 grams calcium 
and 1.23 grams phosphorus per day. 

After the normal scrum calcium and phosphorus values 
had been determined, the reaction of the dogs (before 
operation) to the dosages of the preparations to be given 
later was determined. Three dogs received 2 mgm. of 
vitamin Dj per kgm. body weight, and their maximal rise 
in scrum calcium averaged 2.2 mgm. per cent (range, 
0.8 to 4.5 mgm. per cent). Five dogs received 2 mgm. 
per kgm. body weight of vitamin D:, and their average 
maximal rise in scrum calcium was U mgm. per cent 
(range, 0 to 3.4 mgm. per cent). Five dogs received I 
mgm. per kgm. body weight of dihydrotachysterol, and 
their average maximal rise in scrum calcium was 4.5 
mgm. per cent (range, 22 to 6.3 mgm. per cent). 
Scrum phosphorus changes were not striking with any 
of tlic 3 products. 

After the tliyroid-pamlhyroidcctomy, tl'.e animals were 
followed as before at daily inteirals until the fc.'um cal- 
cium fell below 8 mgm. per cent. Ehach dog then re- 
ceived a dosage of 50 units jiarathyroid extract per V:gm. 
Ixxly weight, followed by a second do'agc of IC*") units j'cr 
kgm. as soon as a calcium level I'clow 8 rr.rm. i.er err,; 
had l>ccn reached after the first. Th.e tnaxin-.a! riw rh- 
tained (3.3 mgm.. per cent) and th.e durati -n of the re- 
s;v3nsc (a1x3ut 7 days) were practically th.e s:.m.c f' r both 
dosages. 

The dogs tvcrc then treated su-cr**i'.e*.y s.ith sitatr.in 
D,. v:tam.;n Do and dibydri tc";.;. ‘ter<d in the d -.r'"' 
ly XliT ftru'Ti 

freen ab'-ut 7.3 rrrna j^r cent t > a 'f l.'i t , t; f 
tnrm. jetr cent c". the third t > ttsrr.th, day ;.,;t r-' 
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tion, and did not fall below 8 nigm. per cent again for 25 
to 35 days. In general the dihydrotachystcrol caused 
greater rises in scrum calcium than did tiic other 2 
preparations, suggesting that, if anything, it is somewhat 
more than twice as active hypercalcemically in the dog. 

DISCUSSION 

The manner in which parathyroid extract and 
the activated sterols bring about a rise in serum 
calcium has been the subject of considerable in- 
vestigation. The generally accepted hypothesis 
(18 to 20) which has been supported by other 
workers (21) is based on the reciprocal relation- 
ship of serum calcium and phosphorus and sup- 
poses that the various principles act either by in- 
creasing the renal excretion of phosphate or in- 
testinal absorption of calcium. A preparation such 
as parathyroid extract, which was believed to act 
ultimately by increasing renal excretion of phos- 
phate, was supposed to increase serum calcium 
chiefly by mobilization of bone salt. Vitamin D 
was believed to act ultimately by increasing in- 
testinal absorption of calcium, and dihydrotachy- 
sterol appeared to occupy an intermediate position. 

Recent work (22 to 24) has tended to show 
that this hypothesis, insofar as parathyroid hor- 
mone is concerned, is not entirely adequate. The 
hormone is capable of causing a solution of bone 
salt even in nephrectomized animals. No evi- 
dence has been brought forward to show that the 
hypothesis outlined is incorrect as to the mode of 
action of the activated sterols. 

It is felt that the present work has some bear- 
ing on this problem. Thus, it has been shown 
that vitamin D has a considerably greater calcemic 
action in the thyroid-parathyroidectomized dog 
than in the normal animal. (This is in agreement 
with the findings of a group of workers on human 
subjects (25).) It must be kept in mind, how- 
ever, that in these animals the thyroid glands were 
completely removed so that the dogs suffered from 
a thyroid deficiency, not usually observed in the 
human patients. This action depends on the cal- 
cium content of the diet. On a diet of average 
, calcium content (for a normal dog), a dose of 5 
mgm. per kgm. of vitamin produces an alarm- 
ing rise (about 10 mgm. per cent) in the serum 
calcium of the parathyroidectomized dog. By the 
simple expedient of removing practically all of 
the calcium of the diet, the serum calcium may be 


brought down to physiological levels (or even 
lower), and may be caused to rise ra{)idly again 
by restoring the calcium to the diet. These ob- 
servations suggest that in the parathyroidectom- 
ized dog the elevation of scrum calcium is accom- 
plished, following vitamin D, by increased ab- 
sorption from the gut. However, the animal 
lacks the ability to stop, or otherwise compensate 
for (by increased excretion or bone formation), 
the absorption process once the normal calcium 
level is reached. A normal dog, receiving the 
same diet and vitamin dosage, shows a more 
moderate rise in serum calcium (4 to 5 mgm. per 
cent), indicating that it has a greater ability to 
regulate scrum calcium at physiological levels in 
spite of the increased absorption whicii is known 
to occur. 

The present theories of the action of vitamin D 
and of the parathyroid gland do not appear to ex- 
plain satisfactorily why vitamin D should produce 
a greater calcemic effect in the parathyroidectom- 
ized dog than in the normal dog. Furthermore, 
the administration of parathyroid extract to the 
parathyroidectomized dog does not cause it to re- 
act to vitamin D like a normal animal. We have 
found that parathyroidectomized dogs which have 
a serum calcium of 8 mgm. per cent, and which 
receive a dose of vitamin D, (2 mgm. per kgm.) 
usually sufficient to raise the serum calcium to 11 
to 12 mgm. per cent, but which also receive simul- 
taneously 100 units per kgm. of parathyroid ex- 
tract, respond with a peak serum calcium value 
of 15 to IS mgm. per cent. The parathyroid ex- 
tract, instead of diminishing the effect of vitamin 
D, has an additive effect. This suggests that the 
intact parathyroid gland is in some manner able 
to react positively against elevated serum calcium 
(perhaps by decreasing the renal threshold for 
calcium), and that this antagonistic principle is 
not contained in the parathyroid extracts pre- 
pared according to Collip and Clark. 

As is well known, parathyroid extract has been 
found to raise serum calcium while decreasing 
serum phosphorus. On the other hand, a massive 
dose of vitamin D in the parathyroidectomized 
dog causes a rise in both calcium and phosphorus. 
We observed in 1 animal a serum calcium of 16 
and a phosphorus of 10 following an overdose of 
vitamin D^. 
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Dihydrotachysterol produces much the same re- 
sponses in the parathyroidectomized dog as it 
does in the normal dog. Thus, in the normal dogs 
a dosage of 1 mgm. per kgm. causes an average 
rise of 4.5 mgm. per cent. Postoperatively in the 
same dogs this dosage caused an average rise of 
7.7 mgm. per cent. Similarly, a dosage of vitamin 
D, which caused an average rise of 2.2 mgm. per 
cent normally caused an average rise of 5 mgm. 
per cent postoperatively, and for vitamin Dj the 
corresponding figures were 1.3 and 5.7 mgm. per 
cent. The differences among the 3 preparations 
are not great but are consistent with the view that 
dihydrotachysterol does not act in exactly the 
same manner. The experiment in which the cal- 
cium content of the diet was radically increased 
without affecting the response to dihydrotachy- 
sterol supports the same view. Two investigators 
(26) have concluded that the administration of 
dihydrotachysterol causes: ( 1 ) an increase in 
urinary phosphate excretion with the serum phos- 
phorus becoming normal, (2) an increase in the 
absorption of calcium with higher serum calcium, 
and (5) no increased output of phosphate in ad- 
vanced renal damage. 

The 3 activated sterols vfcre equally suitable for 
the management of parathyroid insufficiency in the 
dog so far as the criteria used in these experi- 
ments could distinguish. Where it is possible to 
judge from other symptoms, as in human sub- 
jects, the same would not necessarily apply (8). 

SUMJIARV 

A series of thyroid-parathyroidectomized dogs 
has been treated with calcium salts, parathyroid 
extract, vitamins D. and D.„ and dihydrotachy- 
sterol. With calcium salts, tetany could be 
avoided, but the serum calcium levels remained 
very low. Parathyroid extract in dosages of 50 
or 100 units per kgm. elevated the scrum calcium 
for periods averaging about 5 days. Normal 
scrum c.alcium levels (above 9 mgm. per cent) 
prevailed for alnnit 2 to 3 days of this time. 

On a diet of medium calcium and phosphonjs 
content, a single dose of 2 ingnn per hgin. of 
either vitamin D. or D. produced a rise in scami 
caleiunt of aKntt the tle.<^ircd magnitude (from a 
base level of 7 to 8 mgm. j>er cent to a fvc.ak value 
of 11 to 12 mgm, ]>cr cc:n), .and the effect lasted 


(i.e., the serum calcium did not fall below 8 mgm. 
per cent) for 25 to 35 days. There was no sig- 
nificant difference in the duration of the effects of 
the 2 vitamins. It was possible to produce an 
effect of about the same duration and of slightly 
greater magnitude by giving 1 mgm. per kgm. of 
dihydrotachysterol. The quantities mentioned ap- 
pear to be equivalent for the parathyroidectomized 
dog. 

The possible bearing of the obsen'ations on the 
mechanism of the action of the activated sterols is 
discussed. 

The authors are indebted to Dr. R. J. Schachtcr for 
conducting the surgical operations involved in this work 
and for considerable aid in managing the animals dur- 
ing the early stages of the experiments. 
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As traumatic shock develops, cardiac output 
falls. There are several fairly well-established ex- 
planations for this. It is usually stated, however, 
that this diminishing output is due to phenomena 
arising outside of the heart and that the heart itself 
remains unimpaired until verj' late. We had 
hoped to obtain evidence that would, insofar as 
could be judged by electrocardiograms, give infor- 
mation clearly for or against this view. It was 
thought likel}' that as a result of the inadequate 
circulating blood volume, the lowered blood pres- 
sure, and the compensatory tachycardia, the coro- 
narj’ circulation might suffer to an extent recog- 
nizable by electrocardiogram. 

We are recording herewith observations on a 
series of 58 electrocardiograms obtained on 30 
seriously-wounded soldiers in traumatic shock. 
The tracings were assembled at the 94th Evacu- 
ation Hospital in February and March of 1944, 
during the operations on the Cassino Front, and 


subsequently in April and I^Iay, on the Anzio 
Beachhead. When possible, tracings were made 
both during shock and in the recover}* phase. In 
10 patients (one-third of the group), the blood 
pressure could not be measured on entry. In the 
remaining two-thirds the degree of circulatory 
collapse was somewhat less severe as reflected by 
blood pressures of 60 to 70 mm. Hg systolic and 
20 to 40 mm. Hg diastolic. Blood pressure deter- 
minations were made with a mercuiy manometer 
or with aneroid manometers checked against the 
mercur}'. 

THE ELECTROCARDIOGRAMS 

Definite abnormalities of the electrocardiograms 
were encountered in 5 of the 30 patients studied, 
but the most striking feature was the nonnal char- 
acter of most of the tracings (in 25 of the 30 pa- 
tients). These normal records were observed in 
many of those in extreme shock as well as in those 
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ill better condition. However, in the 5 patients 
where abnormalities were recorded, tluy are of 
sufficient interest to warrant a brief discussion. 

Abnormal T xvavcs. A definite but transient 
inversion of the T wave in lead 1 was observed 
in 2 instances. 

Case 1. J. B. C., age 27, received a severe wound of 
the left chest with open pncuinolliorax. Me was hrouglit 
to the hospital within a few hours after emergency treat- 
ment in the field. On arrival he was in profound shock 
with unmeasurable blood pressure (hemogloliin 13 grams, 
hematocrit 38). The electrocardiogram taken at this time 
showed a sharp late inversion of T 1 and moderate de- 
pression of the S-T interval in leads 2 and 3 (I'igitrc la). 
Following administration of about a liter of whole blood 
in a half hour, his circulatory state improved promptly 
and his blood pressure had risen from 0 to 125 mm. l-]g 
systolic and 65 mm. Hg diastolic. A second electrocardio- 
gram (Figure lb) taken 30 minutes after the first siiowcd 
a remarkable improvement in T 1 to a low but upright 
position, and a lessening in the diphasic contour of S-T 2 
and 3. There was no evidence of cardiac or pericardial 
injury in this case, and the prompt return of the inverted 
T 1 towards normal coincident with iinprovement in the 
general circulation suggests that mechanical trauma of the 
heart was not a factor in this temporary abnormality. 
Subsequent to operation the clinical course insofar as 
known was uneventful. 

Case 2. A. H., age 45, received a penetrating wound 
of the left chest. Upon arrival at the hospital a few 
hours later, he was in severe shock. His blood pressure 


was 55 mm. Ilg systolic and the diastolic level was un- 
deleclaldc (Iiemoglobin 11.5 grams, hematocrit 34). An 
electrocardiogram (Figure 2a) revealerl a sharp late in- 
version of the T waves in lead 1 without other abnor- 
mality. /V superimiioscd artefact due to alternating cur- 
rent is well displayed in this and the subse<|ucnt tracing. 
It was a fretiuent complication in the tracings taken on 
the .'\nzin Beachhead and at times difficult to eliminate. 
Following administration of 1 unit of albumin and 500 
ml. whole blood, the jiatient responded satisfactorily. At 
the end of an hour, his blotid jiressure had risen to 90 mm. 
Hg systolic and (71 mm. Hg diastolic. An electrocardio- 
gram ( F’igure 21)) shosved a return to normal of the 
previously inverted T 1. There was again no evidence of 
lasting cardiac trauma and the suhsetiiwnt course was 
uneventful. 

Abnormal axis dcvialion (temporary) . In 
planning this .study \vc Iiad anticipated encounter- 
ing electrocardiographic evidence of temporary 
strain upon the right ventricle (right a.xis devi- 
ation) as a result of liberal use of intravenous 
fluids (plasma and blood) in combatting periph- 
eral circulatory collapse. The following case is 
the only instance in which riglit axis deviation was 
noted. 

Case 3. H. G. K., age (c.) 25, received a penetrating 
wound of the right chest with pneumothorax and retained 
foreign body. Upon arrival at the hospital he was in 
moderate circulatory collapse (hemoglobin 11.2 grams, 
hematocrit 33). His blood pressure was 65 mm. Hg 
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Fig. 2. Electrocardiograms — Case 2 

a. In traumatic shock, showing late inversion of the T waves 
in lead 1. 

b. From the same patient 1 hour later showing improvement 
in the T waves coincident with relief of circulatdry collapse. 



Fig. 3. Electrocaroiogr.vms — Case 3 

a. Showing well marked right axis deviation. 

b. After 30 minutes showing no change. 

c. Following operation and 24 hours after the first tracing. It now shows normal 
axis deviation. 


systolic and 20 mm. Hg diastolic, and an electrocardio- 
gram (Figure 3a) showed well-marked right axis devi- 
ation. There was no evidence in the liver or in the 
peripheral veins of right-sided heart failure. At the end 
of 30 minutes his circulatory state had deteriorated, in 
that his systolic blood pressure had dropped to 40 mm. Hg 
and the diastolic level was unobtainable. An electrocar- 
diogram at this time showed no change (Figure 3b). He 
received 1000 ml. whole blood and 500 ml. of 2 per cent 
sodium bicarlxjnatc solution intravenously in 2Vi hours 
preceding operation without signs of heart failure. The 
chest wound was successfully closed, and IS hours after 
operation (and 24 hours after the original tracing) his 
condition was good. The blood pressure had returned to 
110 mm. Hg systolic and 70 mm. Hg diastolic. The clcc- 
trocardi(tgrani showed a striking shift to normal of the 
axis deviation and concurrent changes in the contour of 
the T waves, the latter probably of no special significance. 
In the absence of other csidence of cardiac injury or 
strain, and the normal rcsp<inse of the heart to the intra- 
venous infusion, wc arc inclined to interpret the changing 
electrocardiographic pattern in this patient as most likely 
of nieclianica! origin rclatctl to displacement ( tis.^sjon ) of 
the heart Iw Mo-vi. .air. or injured lung prior to <'perati'vn. 
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Fu.o' 1.. K. K.. .age tc.i 25. n'CcKc! a i-enetrating 
u.nua! o! the lest chr't, p.rf. ration :i.-. 1 .tgi of v— 

left lure il.nsrr l.s've'i. l.acrrc,:: u r' . .. i 


spleen, and multiple injuries of the c-xtrcmitics. Splenec- 
tomy was necessary shortly after arrival in the hospital. 
Post-operatively his condition was poor; in spite of sup- 
portive therapy, his blood pressure was 80 mm. Hg sys- 
tolic and 40 mm. Hg diastolic. An electrocardiogram 
taken at this time (2 hours before death) (Figure 4) 
showed abnormal W-shaped QRS complexes of low volt- 
age, the explanation for which is not clear, but is probably 
related to extensive trauma in close proximity to the 
heart, possibly of the heart or pericardium. 

Case 5. J. R. P., age 20, was wounded severely in the 
buttocks, genitals, and extremities. He was in extreme 
shock with unmeasurable blood pressure (hemoglobin 8.5 
grams, hematocrit 25 ) . Four hours after he was wounded, 
and 2 hours after he was hospit.alizcd. he developed 
marked cardi.nc irritability, m.mifested by p.iroxysma! 
auricul.ar fibrill.ition with a ventricular rate of ISO v.ith 
short runs of ventricular l.-ic!'.yc,ari!i,-i ‘u;-cri:u;>o'e<! 
Hespite 500 ml. of plasma. 1750 ml. of v.b. i'c Mrv-d gnd 
gOO ml. of 2 pgr cent scwfivim bicarlK.r.ritc « iluti'e; •.-.‘.ra- 
venously, bis We-'v.l pressure !:.ad risen rnlv in 75 nun. 
Hg systolic and 50 mm. Hg dbstr.be after b. urs, nr.-I 
su.'ge.'y was i.’.nde.'t.ikcn. ti:e auricu'.-ir fibrilb-it; -. t- 

mg. Fs'lbw'.'ing o;*':rat’.* -n. b.e mre!',' a sr.t'.sf.'ictsrv rrC'-. rrv. 

IitsCt'.ssir.i.'C 

Titc abrir.rtttalit-c- in t'm tlt-vtri.rnr.ii.ijrruns re- 
c<>ti!c-s rilnvc are id .'■■•iu.* iv.'.rrr-’.. art ; 
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That disturbances in consciousness, and conse- 
quently in behavior, are produced by anoxia is 
well known. The clinical picture is essentially 
that of delirium, a syndrome in which we have 
pointed out that the primary psychologic symp- 
tom is a reduction in the level of consciousness 
(1). With moderate or severe degree of anoxia 
the changes are grossly obvious. 

The evaluation of the harmful effects of mild 
degrees of anoxia, however, has proven extremely 
difficult due to the lack of accurate methods of 
measuring such effects. Such measurements are 
of obvious importance to aviation medicine and 
are of interest in studies of the earliest changes in 
delirium. So far, the most satisfactory methods 
have concerned changes in visual functions. 
Various performance and psychological tests have 
all proven relatively unsatisfactory due to the wide 
range of individual responses, doubtless influenced 
by motivation and emotional factors. In such 
studies statistical analyses of a large number of 
subjects indicate that significant degrees of im- 
pairment of performance begin around 12,000 feet 
(dS3.3 mm. Hg). 

Numerous investigators have reported the ef- 
fects of anoxia, hypoglycemia, and various drugs 
on the electroencephalogram, but for the most 
part, these studies have been concerned with the 
more marked changes. The demonstration of a 
close relationship between changes in frequenej* 
distribution in the electroencephalogram and levels 
of consciousness (1) and the development of a 
quantitative method for analyzing electrocn- 
ccphalograpliic frequency spectra (2) offer a prac- 
tic.al approach to the study of conical function 
during mild to moderate degrees of anoxia. The 

’ The work <!f5cri!>eil in this mprr v.’.n carrir:! ovt tm- 
itrr contrr.rt. reo-'rarnen ’ot tiy tlx O'Tnn-.ittcc on Mrfici! 
l\o^e.irrh. Ixtwccti tlx OlTire of Scirnti.nc Rofcarch and 
DcYrlopnxr.t an.', the Univerrity of Cindr.r. 3 ti. 


study of the normal electroencephalogram witli 
this metliod reveals a continuous range of fre- 
quency change during variations within the physi- 
ological zone of blood sugar, oxj^gen, and acid- 
base balance. Contrary to prevailing notions, the 
transition between this physiological zone and a 
pathological zone is subtle and not abrupt. Stud- 
ies with hypoglycemia, alcohol, and other toxic 
materials have clearly demonstrated that the de- 
gree of change in frequency is of far more impor- 
tance tlian the appearance of any particular tvave 
frequency (i.c., delta waves). For example, 
equivalent degrees of acute alcoholic intoxication 
with comparable reduction in the level of con- 
sciousness in different individuals may be associ- 
ated with widely different frequency distribution, 
but the degree of change in frequency from the 
control record is always comparable for all sub- 
jects (3). These data clearly demonstrate the in- 
adequacy of the crude methods of interpretation 
of the electroencephalogram which depend upon 
the appearance of abnormally slow waves (2 to 7 
per second), and explain why previous brain wave 
studies have not proven fruitful in the evaluation 
of intermediar)’ zones of acute anoxia, where gross 
changes in the level of consciousness arc not usu- 
ally apparent. 

METHODS AXD M.\TEP.IAL 

Seven medical students and 3 staff mcmlxrs acted as 
subjects for the experiments. They v.crc exposed in th.c 
decompression chamber to simulated altitudes of 10.000 
to 16,000 feet brcatliinp air, and 39,000 to -2,50>') feet 
hrcathinij 100 per cent oxypen for vnr.i.nrs p^riofl^ of 
time up to 3 hours. A Rulhulian tsT'C 14 iFm.ar.d n’..e<k 
moflified for cor.'tant ffo-.v, v.-as uce*!. V.’hen reveral 
altitudes were tested on tlx same ffie'e.t, p. cs.'mu’a- 
tive effects tverc avoided by I-.-iviT'e tJ.e rubject' ! ee.-.t;;- 
at a higher than normal C'.xv.-’esj tenii'-n frr 10 mieut" 
I'cfcrc startinc the next jferi d of .an-xi.a. i;:-. -f ox-.- 
letcls were o’tair.e-! at frcguer.t mtsm:!’ ;:ee- tb- fee- 
Cu-mo' spxtra w.-n- v.id: efneres in ! b.v! t'2,1. 

ISlool sn-ar wa« determirx ! Iv tr.e I'- bn-Wu f Lsi- 
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metric method, which includes non-glucose reducing sub- 
stances. We selected subjects whose electroencephalo- 
grams showed good alpha rhythm and less than 10 per 
cent low voltage last activity, since quantitative analysis 
of frequency change is far more accurate in such records. 

All electroencephalograms consisted of bipolar fronto- 
occipital tracings. The method of analysis of the electro- 
encephalograms is that described in detail in the report 
already cited (2). This consisted of counting the num- 
ber of waves per second interval (utilizing the ruled paper 
supplied by Mr. Albert Grass) for 200 consecutive sec- 
onds. The distribution of frequencies per second was 
then expressed as a percentage of the whole. A complete 
wave was one which returned at least two-thirds of tire 
way to the base line. A wave which crossed the line 
dividing adjacent one-second intervals was counted in the 
interval containing more than half the wave. Small 
superimposed waves were not counted. In general, it 
was found advisable to make full use of the high fre- 
quency filter to damp the superimposed fast oscillations 
of very low voltage (some of which were of muscle ori- 
gin) so that the basic sine waves would have sharper 
definition. Stretches of low voltage fast activity were 
designated as such (LVF) and no attempt was made 
to count the individual waves, which were often not 
countable. Such an analysis yields the percentile distri- 
bution of waves per second (rather than the distribution 
of wave lengths). In addition to expressing the result in 
terms of the distribution of waves per second intervals 
(frequency spectrum), it was also found of value to cal- 
culate the arithmetical mean frequency from this distri- 
bution.® This yields a number, tlic mean of the number 
of waves per second interval, which allows far more 
precise comparison of frequency changes under the dif- 
ferent conditions than would be possible by comparison 
of the frequency spectra alone. Since the amount of low 
voltage fast activity cannot be included in the calculation 
of mean frequency, the advantage of selecting records 
with little or no voltage fast activity is obvious. 


RESULTS 

Table I and Figure 1 illustrate that significant 
shifts to slower frequencies in the clectrocnccpbalo- 
graphic spectra arc demonstrable at 10,000 feet 
(522.6 mni. Hg) and that this shift becomes more 
marked with iitcrcasing altitudes up to 16,000 feet 
(411.8 mm. Hg). This shift is not visible on 
inspection of the record alone. Most of the shift 
i.s demonstrable within 5 minutes of reaching alti- 
tude and is maximal within 15 to 30 minutes, 
there being relatively little cb.angc thereafter up to 
3 hours. Tlic degree of shift at 10,000 feet for 50 
to 60 minme.s atnotig 4 individu.als (6 trials) 
rat!gcd from 0.25 to 0.47; at lO.OCO feet for 50 



minutes the degree of shift ranged from 0.65 to 
1.35 (4 individuals, 5 flights). In general, the 
greater shifts occurred in the records with faster 
control frequencies (Figure 1). Upon return to 
ground level, the pattern was usually restored to 
the preflight value within 10 minutes. The factors 
involved in this lag were not clarified. 

Comparative studies on 6 subjects breathing air 
and breathing 100 per cent oxygen revealed that 
breathing air at 10,000 feet (522.6 mm. Hg) was 
equivalent to breathing 100 per cent oxj'gen at 
39,000 feet (147.6 mm. Hg) (see Figure 2) and 
that breathing air at 16,000 feet (411,8 mm. Hg) 
was approximately equivalent to breathing 100 
per cent oxygen at 42,500 feet (124.8 mm. Hg) 
(see Figure 3) as regards the degree of shift in 
the electroencephalographic frequency spectra. 
Other altitudes were not studied. Again the elec- 
troencephalograms with the higher control fre- 
quencies tended to show somewhat greater fre- 
quency shifts. The development of abdominal 
distention or of decompression sickness at the 
higher altitudes did not directly alter the electro- 
encephalogram as had already been noted in ear- 
lier studies (4), but it did limit the time at alti- 
tude to 10 to 15 minutes so that the frequency 
changes may not have been fully developed. 


F's". 1. Cn.vxnT.^ 5:: ~r' r*:(T .‘r!!:' Mrvr 

w-.-rr. Di ■sT.'tu.i Arv' trim-,; rjt'f-jr. 
(sscrr.'.rncs .•.lt"’. : r) 
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Fig. 2. Comparative Chances in Electroencepualo- 
GRAPHic Mean Frequency at 10,000 Feet Breathing 
Air and at 39,000 Feet Breathing 100 Per Cent 
Oxygen 

Since acute alcoholic intoxication, and to a 
lesser degree hypoglycemia, are more familiar ex- 
periences than anoxia to both physician and lay- 
man, it was felt worthwhile to compare witli 
anoxia the electroencephalographic frequency 
shifts in those conditions in the same subjects. 
Hypoglycemia was produced in 4 subjects by the 
intravenous administration of 0.1 units of insulin 
per kgm. body weight in the fasting state. This 
reduced blood sugars to the range of 35 to 49 
mgm. per cent at which levels the subjects experi- 
enced mild hypoglycemic symptoms, with weak- 
ness and light-headedness, but no loss of con- 
sciousness. On another occasion, acute intoxica- 
tion was produced in the same subject by the in- 
gestion of 100 ml. of 95 per cent ethyl alcohol. 
The alcohol was consumed within a 5-minute pe- 
riod in the fasting state. Electroencephalograms 
were repeated when the subjects noted the first 
subjective symptoms, which was within 45 to 55 
minutes after ingestion. Two subjects, consuming 
larger amounts of alcohol, were followed through 
the stage of severe and gross intoxication back to 


recovery. The results arc. illustrated in Figures 
4 and 5. It was found that the degree of change 
in the elcctrocncejihalogratn ujion exposure to 

16.000 feet (411.8 imn. Hg) was roughly similar 
to that seen during the period of development of 
first symptoms of alcoholic intoxication and dur- 
ing reduction of blood sugar to 44 to 49 mgm. per 
cent. The degree of change was considerably 
greater during severe intoxication and in the one 
instance where blood sugar fell to 35 mgm. per 
cent. Blood sugars of 75 to 80 mgm. per cent ap- 
peared to be associated with changes equivalent to 

10.000 to 12,000 feet (522.6 to 483.3 mm. Hg). 
Certain observations on the behavior of the 

subjects subjected to anoxia, alcohol and hypo- 
glycemia may be pertinent. All the subjects had 
made many flights to altitudes of 35,000 to 38,000 
feet (178.7 to 154.9 mm. Hg) and although they 
had had no experience with anoxia, they regarded 

16.000 feet with equanimity. At 16,000 feet all 
the subjects were aware of slight darkening of 
vision, vague light hcadedness, and uneasiness. 
Two subjects, K. and L., became somewhat bois- 



Fig. 3. Comparative Changes in Electroencephaeo- 
GRAPHic Mean Frequency at 16,000 Feet Breathing 
Air and 42,500 Feet Breathing 100 Per Cent Oxygen 
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terous and overtalkative, while M. and N. re- 
mained outwardly unperturbed. During the alco- 
hol experiment K. became the caricature of the 
“happy drunk,” a change which began almost be- 
fore the dose of alcohol had been administered! 
L. also laughed and joked a great deal, but could 
be quiet and restrained at will. M. was quiet and 
unobtrusive, but shortly after the electroencephalo- 
gram was taken he developed a reaction of marked 
withdrawal and bursts of aggressive behavior. N. 
showed no obvious visible behavior disturbance 
yet insisted that he felt drunk and would not 
want to drink any more. During the hypogly- 
cemia experiments, all the subjects became anxious 
at the time of developing symptoms. The anxiety 
was most marked in M., least in N. (who had 
lower blood sugar), and K. and L. in contrast to 
their behavior during the alcoholic experiment 
were quiet, anxious, and repeatedly demanded re- 



I'jn. Cn.wcrs luJcrrf'rN'cT.rnAimrArinc Mr-\N 
FriefKNiTY OLxrrnNT. Dense Sse-s oi Is- 

TviMCATK'K (SAMr jiTTi tTS AS :s- l i i:v:oes nr.rirr-') 



Fig. 5. Changes in ELECTEOENCEpnALOGRAPnic Mean 
Frequency During Reduction of Blood Sugar to from 
36 to 49 Mg.m. Per Cent (same subjects as in previous 

FIGXmEs) 


assurance as to the outcome of the experiment. 
In all instances, the degree of disturbance in con- 
sciousness, as closely as it could be assayed clini- 
cally and by the serial subtraction test was roughly 
comparable. It is clear from these observations 
that certain emotional factors played an impor- 
tant role in determining the behavior patterns. 
To these subjects, high altitude exposure was a 
familiar experience which provoked little anxiety, 
and was bandied with confidence .and assurance. 
During the alcoliolic into.xication their iK-ii.avior 
was conditioned by certain familiar sfxria! p-atterns 
and by previous experience. Hypj'-glyceniia, ori 
the other h.and. a nc-.v and unfamiliar c.x; '-rienre 
to all. proYi>ke l more anxiety th.an anv < f th." 
otr.er {»r<iec'2ure<. The reactif'U- durir.;; c' m; ara- 
l.-!e decrees of di.:;;:bae:e in t::c level of ci' 


r.e-^s (relatively 




CT.-e- ( 
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parable degree of electroeiicepbalograj^bic cbatigc 
are thus dependent both on the previous person- 
alit}' structure of the individual and on the psycho- 
logic and emotional significance of the particular 
experience. 

COMMENT 

These studies indicate that measurable changes 
in the electroencephalogram arc demonstrable at 
an altitude of 10,000 feet (522.6 mm. Hg) atid 
increase progressively with the fall in atmospheric 
pressure. This change is not apparent on inspec- 
tion alone. At 16,000 feet (411.8 mm. Hg) the 
degree of change had attained a magnitude com- 
parable to that seen during the earliest phase of 
acute alcoholic intoxication, and comj>arablc to 
that seen upon reduction in blood sugar to levels 
of 40 to 49 mgm. per cent. Such a state is prob- 
ably incompatible with maximum efficiency, even 
though some individuals ma)'^ be able to compen- 
sate by heightened effort. It is important, too, 
that the change is apparent in as short a time as 
5 minutes. The degree of change at 10,000 feet 
(522.6 mm. Hg) was still within the range found 
among normal individuals during variations of 
blood sugar from 72 to 140 mgm. per cent and 
hence must be considered within physiological 
range. It should be emphasized that these experi- 
ments were carried out at complete rest. Obvi- 
ously, with physical exertion further changes ma)'- 
be anticipated. Further changes may also be an- 
ticipated with longer exposures. 

These data confirm and extends previous ob- 
servations on the nature of delirium (1, 3). The 
primary psychologic symptom of delirium is a 
decrease in the level of consciousness with in- 
creased fluctuation in the level of awareness. In 
spontaneous delirium occurring during the course 
of many different clinical conditions (1) and in 
acute reactions induced by ingestion of alcohol 
and other toxic materials (3) we have demon- 
strated close correlation between electroencephalo- 
graphic changes and alterations in tire level of 
consciousness. In both spontaneous and induced 
reactions the earliest change in the electroenceph- 
alogram is a shift toward slower frequencies with 
little or no change in regularity or voltage. The 
degree of anoxia studied in these experiments 
represents the earliest zone in which changes 


would be anlicipalcd aruj it is obviously not pos- 
sible to set any .sharp line of demarcation, clini- 
cally or clcctroenceplialographically, between nor- 
mal and abnormal. The slowing of the brain 
waves, and with it the probable alteration in cor- 
tical function, is progressive, but individuals still 
vary widely in their ego strength and iti their 
means of defense. The factors of ego strength, 
previous personality structure, the setting and 
meaning of the experience as well as the structural 
integrity of the nctwous system, arc obviously 
most imiwrlant in these borderline zones, where 
they make the difference between whether or not 
the symptoms develop and efficiency is impaired. 
In more extreme zones the changes in conscious- 
ness arc readily demonstrable in all people. 

These studies also demonstrate the great value 
of the electroencephalogram as an objective 
method of studying the effects of noxious influ- 
ences on the cortex. In different individuals the 
degree of chatigc in clectroenccphalographic mean 
frequency tended to be quite similar under com- 
parable circumstances even though behavior 
varied considerably among the different indi- 
viduals and in the different experimental circum- 
stances. The degree of change in the level of 
consciousness, however, was, in so far as it could 
be estimated, similar in all subjects. This corre- 
lation has been brought out more clearly in studies 
which concerned more marked disturbances in the 
level of consciousness (1, 3). 

The consistency in the change in the electro- 
encephalographic mean frequency makes possible 
the evaluation of noxious effects with relatively 
few subjects and allows for the delineation of 
safe zones. This is of particular value in problems 
of military, aviation and industrial medicine where 
optimum performance is often required in spite 
of exposure to low oxygen tensions, to noxious 
gases (carbon monoxide, volatile gases, etc.) or 
to prophylactic drugs (sulfonamides, antimalarial 
drugs, etc.). Unpublished studies indicate that 
stimulant as well as depressant effects may be 
studied by this technique (3). 

SUMMARY 

1. Significant changes in frequency distribution 
of the electroencephalogram are demonstrable at 
altitudes of 10,000 feet and increase progressively 
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with further increases in altitude. The changes 
are present within 5 minutes of reaching altitude, 
are fully developed within 15 minutes, and there- 
after do not increase significantly up to 3 hours. 
Upon return to the ground, the electroencephalo- 
gram usually returns to base line status -within 10 
minutes. 

2. The degree of change for each altitude could 
be reproduced in each subject on repeated exami- 
nations. At each altitude the degree of change 
was approximately the same for all individuals. 
The electroencephalograms with higher frequen- 
cies tended to show greater frequency shifts under 
comparable conditions. 

3. The degree of frequency change at 39,000 
feet breathing 100 per cent oxygen with the con- 
stant flow system was the same as that found at 
10,000 feet breathing air; 42,500 feet breathing 
100 per cent oxygen was the same as 16,000 feet 
breathing air. 

4. Acute alcoholic intoxication of a degree likely 
to be experienced by most healthy individuals 
drinking socially provoked electroencephalographic 
changes roughly equivalent to those found at 16,- 
000 feet. Severe intoxication produced more 
marked changes. 

5. Reduction of blood sugar to levels of 44 to 
49 mgm. per cent also provoked changes in the 
electroencephalogram roughly equivalent to that 
seen at 16,000 feet. 


6. The behavior pattern of the same subjects 
experiencing equivalent degrees of disturbance in 
consciousness and equivalent electroencephalo- 
graphic changes during anoxia; h}q)oglycemia, and 
acute alcoholic intoxication \s'as found to xaxy 
considerably. This -variation was related to tlie 
previous personality structure of the subject and 
the social and psychologic implications of the par- 
ticular experimental procedures. 
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Previous studies from this laboratory have dem- 
onstrated that, at least, 2 protein fractions can he 
prepared from cell and calcium-free human plasma 
which have a definite effect of lowering the 
coagulation time of hemophilic blood (1 to 4). 
One of these protein fractions requires the pres- 
ence of both calcium ion and prothrombiti in or- 
der to exhibit its activity. The other acts as a 
true thrombin since it can convert fibrinogen to 
fibrin in the absence of calcium and prothrombin. 

It has been further demonstrated that the for- 
mer protein preparation, presumably associated 
with the euglobulin fraction, can by treatment 
with chloroform be converted into a protein 
preparation having proteolytic activity (5, 6). 
The physiologic role of this enzyme has not been 
determined. However, it is known that it can 
convert prothrombin to thrombin and hence in 
appropriate amounts induce blood coagulation (7). 
In larger amounts it can digest fibrinogen before 
fibrin formation can take place. 

Various preparations of globulin fractions from 
pooled normal human plasma were placed at our 
disposal for study of their coagulation properties.® 
A summary of our results has been presented by 
other workers (8) . 

The present communication concerns the ac- 
tivity of these globulin fractions in vitro. In the 


i This paper is No. 38 in the “Studies of Plasma Pro- 
teins” of the Harvard Medical School, Boston, Massa- 
chusetts, on products developed by the Department of 
Physical Chemistry from blood collected by the Ameri- 
can Red Cross. 

-The expenses of this investigation were defrayed in 
part by gifts from the Smith, Kline and French Labora- 
tories, Philadelphia, and in part by a grant “In recog- 
nition of Dr. Francis W. Peabody’s services to the 
Foundation” by the Ella Sachs Plotz Foundation. 

® Through the courtesy of Professor E. J. Cohn and 
Dr. J. T. Edsall. 


accompanying paper a brief preliminary note on 
the in vivo action of one of tiicm is presented. 

GENERAL MEXnODS 

All fractions of globulins and parent plasmas were re- 
ceived as dry powder and were put into 4 per cent solu- 
tion in cither isotonic salt solution or in 0.25 per cent 
sodium citrate in 0.85 per cent sodium chloride solution. 
The pH of the solutions was adjusted to 7.0 to 7.5 using 
a glass electrode. The total nitrogen of the final centri- 
fuged solution was determined by a micro Kjeldahl 
method. The nomenclature used in the description of 
the fractions was that developed by Cohn and his co- 
workers (9). Over '140 globulin fractions have been 
studied. Most of these studies were made during the 
period of standardization of methods of preparation and 
will not be reported because the final fractions were not 
comparable. The fractions presented in this communica- 
tion arc those obtained after the methods of preparation 
liad been satisfactorily standardized so that duplication 
of results from fraction to fraction was possible. 

The average composition of the various frac- 
tions mentioned in this paper are stated in Ta- 
ble I.-^ 

DEFINITIONS AND METHODS 

Fibrinogen is that fraction of the plasma pro- 
tein which coagulates on the addition of thrombin 
alone. It was tested for by the addition of 0.1 ml. 
of a 12.5 per cent solution of a highly potent 
thrombin solution ® to 1 ml. of a 4 per cent solu- 
tion of the fraction. The time of coagulation, if 
such occurred, was used as an index of the pres- 
ence of and a rough quantitative approximation of 
the amount of fibrinogen. 

Prothrombin is the precoursor of thrombin. It 
rapidly develops thrombic activity on the addition 
of thromboplastin and calcium ions. A similar 
conversion can be made by the action of certain 

4 These are as given by Cohn, Oncley, Strong, Hughes, 
and Armstrong (9). 

®Lederle "Hemostatic Globulin” (4). 
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TABLE I 

Composilion of fractions 


Fraction 

Albumin 

a Globu- 
lin 

1 p Globu- 
lin 

1 

1 7 Globu- 
1 Un 

i Fibrino- 
j sen 


per cent 

per cent 

per cent 

per cent 

per cent 

V* 

98.5 

1.5 

0 

0 

0 

IV 

IS 

55 

28 

2 

0 

III-2 

0 

10 

75 

IS 

0 

III-l 

0 

4 1 

35 

61 

0 

II 

1 

0 

1 1 

98 

0 

I 

5 

1 

4 

19 

1 

“ 1 

61 


* Previous studies have shown this fraction devoid of 
anti-hemophilic properties. 


proteolytic enzymes with and without calcium 
ions (10, 7) and under certain circumstances 
spontaneously (11). The detection of prothrom- 
bin in a fraction of the plasma globulin was made 
by a modification (12) of Quick’s (13) procedure. 
Instead of the customary 0.1 ml. of plasma, 0.1 
ml. of a 4 per cent solution of the fraction was 
used. When the fraction contained no fibrinogen, 
this material in the purest form obtainable was 
added in the reaction vessel before the addition of 
calcium and thromboplastin. Since all prepara- 
tions were studied in 4 per cent concentration, 
the “prothrombin time” w'as a rough index of the 
amount present. 

Thrombin is that activity developed in plasma 
which can convert fibrinogen to fibrin without the 
intervention of either calcium ion or thrombo- 
plastin. The presence of thrombin in a fraction 
was tested for by the addition of 0.5 ml. of a 4 
per cent solution of the fraction to 0.5 ml. of a 
solution of the purest obtainable fibrinogen. The 
test was always carried out in the presence of an 
excess of sodium citrate. 

Anii-banophilic acfhily [plasma thrombo- 
plastin of Howell (14)] has been shown to be as- 
sociated with the plasma cuglobulins (1,3). It is 
capable in the presence of calcium ions of produc- 
ing thrombin from prothrombin or alternatively of 
neutralizing a circulating antithrombin. The anti- 
hemophilic activity of a fraction was determined 
by measuring the clTcct of 0.1 ml. of a 4 per cent 
solution of the fraction at 37.5'’ C. and pH 7 to 
7.5 on the coagulation time of 2 ml. of hemophilic 
blood. Us\ially 2 dilutions of tlic 4 per cent .solu- 
tion of the jirotcin fraction with 0.85 per cent 
.‘e’.linc .solution to ]/i0 .and ]/103 of the former 
concentration were made. Wh.cn fractions were 


extremely active there was marked reduction of 
the dotting time of the hemophilic blood even at 
1/100 dilution. Sometimes activity was found at 
1/10 and 1/100 but none when the undiluted ma- 
terial was used. This was presumably due to ex- 
cessive amounts of citrate ion present in the pro- 
tein fraction. 

Proteolytic activity after chloroform. Twenty- 
five ml. of a 4 per cent solution of the preparation 
was shaken briefly with 1/10 its volume of chloro- 
form as previously described (7, 5). When di- 
gestion was complete, equal amounts of the chloro- 
form extracts and of 1 per cent casein were mixed 
and incubated at pH 7 for 96 hours. The increase 
in non-protein nitrogen was taken as an index of 
the activity' of the proteolj'tic enzyme content of 
the plasma. A control consisted of a solution of 
1 per cent casein mixed with an equal volume of 
0.25 sodium citrate in 0.S5 per cent saline. The 
preparations remained sterile as indicated by 
bacteriologic examination. 

Proteolytic activity ivithout treatment with 
chloroform. Occasionally certain protein frac- 
tions of human plasma have proteolj-tic activity 
w'ithout previous treatment with chloroform. This 
activity' was tested qualitatively by obseiwing the 
lytic action of the fraction on a fibrin clot. Quan- 
titatively it was determined by the amount of non- 
protein nitrogen produced by the addition of a 
mixture of equal volumes of a 4 per cent solution 
of the fraction and a 1 per cent casein solution at 
pH 7.4 at room temperature for 96 hours. 

RESULTS 

{The complete data arc presented in Table IF) 

Antihemophilic activity. The antihemophilic 
activity of human plasma was distributed in Frac- 
tions I and II -h HI and was niarl:cdly dimin- 
ished in Fraction IV. From the data of Table H 
it appears that grc.at activity in reducing the 
coagulation time of hemophilic blood rcside.s in 
Fraction I which likewise contains the bulk of tlic 
fibrinogen. From a study of nms 119, 123. 
124 and 125, it would appear tb.nt a marked 
concentration of the activity over that di‘;);.avc'! 
by the parent plasma was aclucvcd bv th.e rnctr.' d 
of preparation of Fraction I. However, it ir v.ell 
known (15) that antil-.cmo- aetj-.-itv rat-idlv 
ensappears trom peasrira. Frc'h tla'nta h.a* a 
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clotting potency equal to Fraction I. The anti- 
hemophilic properties of runs 117, 119, 123, 124, 
and 125 were in all probability enhanced by the 
presence of some proteolytic enzyme in the prepa- 
ration which is known to have some coagulating 
effect per se. While Fraction I is a potent source 
of antihemophilic material, it should be borne in 
mind that from 60 to 80 per cent of this fraction 
is fibrinogen so that the possibility remains that 
further separation of the components of Fraction 
I may give rise to greater concentration of this 
activity. 

An analysis of the combined Fraction II and 
III is shown in runs 126 and 366. Here it is 
shown that the fraction most active in antihemo- 
pliilic properties lies in Fraction III, sub-fraction 
2. The results are somewhat obscured due to the 
presence of traces of preformed thrombin in the 
fraction. Actually the amount present was so 
small that over 1 hour was required to obtain a 
clot with pure fibrinogen solution. It is possible, 
therefore, that while the small amount of thrombin 
present, and also the small amount of protease, 
may have enhanced the antihemophilic activity, 
they did not account for the marked reduction in 
the clotting time obsen'ed. It is also noteworthy 
that while Fraction III-2 contains antihemophilic 
activity, it is devoid of fibrinogen. 

Plasma proteolytic enzyme. It will be obserr^ed 
that a proteolytic enzyme after treatment with 
chloroform can be obtained from the parent plasma 
and from all of the main fractions studied. The 
parent plasma contains more of the cnz 3 -mc than 
any of the sub-fractions. It is to be noted that the 
protein content of the plasma is in close proximity 
to the values obtained for the 4 per cent solutions 
of the fractions. Of the fractions themselves, the 
greatest concentration of the enzyme is obtained 
in Fraction IV which is devoid of fibrinogen and 
of antihemophilic activity. Hence, it would ap- 
pear that certain fractions can be a good source 
for the preparation of the plasma proteolytic en- 
zyme in the a1)scnce of antihemophilic nctivitv. 
The amount of prothrombin pre.^ent is also usu- 
ally small in Fraction IV. In Fraction Ilf the 
fibrinolytic cii.'ymc is largely coTjcentratcd in 
braction II1-2 winch also is capable of Ivtic ac- 
tion o!i fibrinogen wiih.ont the p.-evinue jirepara- 
tion with chlorofonn. Similar lytic action i.s oc- 


casionally found in Fraction I and probably ac- 
counts for the instability of solutions of this frac- 
tion (16). Spontaneous clotting and lysis of 
solutions of Fraction I have been frequently ob- 
served as indicated in the table. 

Prothrombin and thrombin. The plasma pro- 
thrombin was found chiefly in Fraction II + III 
and occasionally in Fraction IV. Only minute 
traces remained in the parent plasma. Traces of 
preformed thrombin are occasionally found, chiefly 
in Fraction 111-2. 

Fibrinogen. As would be expected from previ- 
ous reports (9), fibrinogen was largely found in 
Fraction I with occasional traces present in Frac- 
tion II -1- III. Fraction IV contained no fibrino- 
gen. 

DISCUSSION 

Interest centers chiefly around the occurrence 
and distribution of antihemophilic and proteolytic 
activity in the various fractions and sub-fractions 
of the plasma globulins. The separation of a 
highly potent antihemophilic fraction capable of 
administration in small amounts to hemophilic 
patients is desirable. Previous investigations at 
this laborator)' have shown that prothrombin and 
fibrinogen can be separated from the antihemo- 
philic globulin (2). This separation in Fraction 
I has not yet been accomplished. However, Frac- 
tion III-2 contains marked antihemophilic ac- 
tivity but no fibrinogen, so that one may hope for 
a satisfactorj- separation in the near future. 

The finding that proteolj'tic activity could be 
obtained by the treatment of Fraction IV bj' 
chloroform is of some academic interest. It 
clearl)- shows that fractions containing no anti- 
hemopliilic activity may be a source of proteolytic 
enzyme. However, it should be borne in mind 
that the antiiicmophilic property of plasma i.s very 
labile so that in the preparation of Fraction IV it 
m.ay have been destroyed. Furthermore, it lias 
been shown (1) that there is a great j>o':sii)!iity 
for adsorption of the anlib.cinopliilic proj>crty on 
fibrinogen and since this materia! lias been re- 
moved before the preparation of Fraction I\', 
nu!ch of th.c antih.cmoplu’lic activity juigh.t •.veil !c: 
remm-cd with it. T'nc Ingli j-’tcncy of Frr.:tion I 
whicij co:'.tain‘= fO to 70 cent of th.e fibrira 
would parti.ailv confirm, th.i'- '[•' 

Ar!t;!;cni'''-i);il;c activitv rnite oftc— •' 
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with prothrombin (1) which may well account for 
an inci'case in the activity of Fraction 11 + III 
which contains the bulk of the prothrombin. Frac- 
tion IV is devoid of both fibrinogen and pro- 
thrombin which ma)'- well account for the absence 
of antihemophilic activity in this fraction of the 
plasma globulin. Another purely speculative rea- 
son for the absence of antihemophilic properties 
in Fraction IV may be that inhibitor materials 
have been concentrated in (his fraction. Such 
inhibitors are in fact known (16). 

The low potency of antihemophilic activity in 
the parent plasma requires comment. Fresh hu- 
man plasma is an excellent source of this mate- 
rial. It is known from in vitro studies that stored 
liquid plasma and plasma dried from the frozen 
state (15) contain minimal amounts of antihemo- 
philic activity. Furthermore, stored whole blood 
and liquid plasma are not effective in vivo in re- 
ducing the coagulation time of the blood of hemo- 
philic patients (17). Hence, either in the prepa- 
ration of Fraction I the plasma contained much 
more of the antihemophilic material than the 
specimens examined in the dried state or the con- 
centration of the fibrinogen in this fraction served 
also to concentrate the minimal amounts of the 
antihemophilic activity remaining in the parent 
plasma. 

The presence of a protease in Fraction I con- 
firms to a large degree our opinion regarding the 
cause of the instability of fibrinogen solutions. 
It has been noted in this laboratory that in the 
presence of plasma protease fibrinogen solutions 
clot and the clot lyses within a short time (17). 

The foregoing in vitro observations suggest that 
by further subfractionation a highly potent in- 
jectable material may be found which may have 
some value in the treatment of hemophilic patients. 
Preliminary observations of the effect of injection 
in hemophilia of a suitable fraction for the com- 
mencement of such chemical fractionation are 
given in the accompanying paper. Furthermore, 
the data suggest that from Fraction III-2 or 
Fraction IV a sub-fraction may be obtained which 
will be a highly potent source of the proteolytic 
enzyme (7, 5). 

CONCLUSIONS 

1. The antihemophilic property of normal hu- 
man plasma appears to be associated with the pro- 


teins of Fraction I of Cohn, It is also found in 
high concentration in Fraction III, sub-fraction 2. 

2. The plasma proteolytic enzyme (7, 5) may 
be prepared from Fractions I, II + III, and IV. 
In Fractions I and 1 1 1-2 a proteolytic activity 
without treatment with chloroform can occasion- 
ally be demonstrated, 

3, The proteolytic activity after treatment with 
chloroform can be obtained from Fraction IV 
which is devoid of antihemophilic activity, fibrino- 
gen and prothrombin, 
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Previous studies from this laboratory have 
shown that normal human plasma, essentially free 
from formed elements, fibrinogen and protlirom- 
bin, can cause a marked reduction in tlie coagula- 
tion time of the blood in hemophilia when admin- 
istered intravenousl}'’ or intramuscularly (1). 
Furthermore, it was shown that such activity was 
associated with the plasma euglobulin of normal 
plasma (2) and was deficient in hemophilic blood 
(3). The preceding paper (4) has shown that 
this antihemophilic activity is largely present in 
Fractions I and III-2, obtained in the separation 
of the various globulin fractions of the plasma 
proteins. 

The present communication concerns prelimi- 
nary observations on the effects in vivo of the 
administration in hemophilia of small amounts of 
Fraction !.■* Fraction I contains from 60 to 70 
per cent fibrinogen together with smaller amounts 
of other globulins. 

METHODS 

Four samples of Fraction I of the plasma globulins, 
prepared at different times by the Department of Physical 

^This is paper No. 39 in the “Studies of Plasma Pro- 
teins” of the Harvard Medical School, on products de- 
veloped by the Department of Physical Chemistry, from 
blood collected by the American Red Cross. 

2 The products of plasma fractionation employed in this 
work were developed from blood collected by the Ameri- 
can Red Cross, by the Department of Physical Chem- 
istry, Harvard Medical School, under contract recom- 
mended by the Committee on Medical Research, between 
the Office of Scientific Research and Development and 
Harvard University. 

® The expenses of this investigation were defrayed in 
part by gift from the Smith, Kline and French Labora- 
tories, Philadelphia, and in part by a grant “In recognition 
of Dr. Francis W. Peabody’s services to the Founda- 
tion” by the Ella Sachs Plotz Foundation. 

^We are indebted to Professor Edwin J. Cohn and 
Dr. John T. Edsall for furnishing the material on which 
these observations were made. 


Chemistry of the Harvard Medical School (Numbers 162, 
163, 171, 172), were used in this investigation. Numbers 
162 and 163 were a pool of 7 sub-fractions of Fraction I. 
Their individual in vitro anti-hemophilic activity is shown 
in Table I. Five patients with classical hemophilia were 
studied. Sixteen injections of Fraction I were made in 
varying amounts cither intravenously or intramuscularly. 

The coagulation time at 37.5° C. of the patient’s blood 
was determined before, and at various intervals after, in- 
jection using the method of Pohlc and Taylor (5). Pro- 
thrombin times were determined at the same time inter- 
vals as the coagulation times, using a modification of 
Quick’s mctliod in certain of the studies. 

TABLE I 

The effect of the addition of 0.1 ml. of the components of 

run 162 rl-':-: ‘ime of 2 ml. of 

. vitro) 




Antiliemopbilic activity 



Control 

C.T.* 

1 



T.P.** 

Fraction 


US 

l/SO 





\ dilution 

dilution 



minutes 


1 

tnututes 


grams per 
100 mi. 

162-1 

74 

53 j 

30 

25 

1.35 

162-2 

74 

20 

22 

46 

1.29 

163-1 

74 

16§ 

174 

22 

1.04 

163-2 

74 

13^- 

17 

32 

1.63 

163-3 1 

67 j 

22 

194 

194 i 

1.29 

163-4 

67 

25 

194 

24 

1.34 

163-5 

67 

26 

22 

21 

1.26 


* C.T. = coagulation time. _ 

** T.P, = total protein in original solution of fraction. 


The materials used were received as dried powders and 
dissolved in small amounts of isotonic saline. Prepara- 
tions of Fractions 162 and 163 were sterilized by passage 
though a Berlrfeld filter. The other fractions were re- 
ceived from the Massachusetts Antitoxin and Vaccine 
Laboratory as sterile dry powder. These were dissolved 
in sterile isotonic saline solution and injected without fur- 
ther sterilization. The amounts injected in milligrams of 
protein are given in Table II. 

In 1 patient, a comparison of the coagulation effect of 
whole blood, plasma and Fraction I was made. 
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TABLE n 

Effect of the parenteral administration of Fraction I on the coagulation time of the blood in hemophilia 


Patient 

Run 

no. 

Protein 

injected 

Route of 
injection 

Coagulation time 

Pre- 

injection 

(control) 

Post-injection 



wgm. 

mnnn. 

tnin. 


^ hr. 

ti hr. 

4 hrs. 

5 hrs. 

6 krs. 

Shrs. 1 

2-f hrs . ' 

■4S krs. ' 

72 hrs. 

J.C. 

162-163* 

11.5 


96 

HH 

46 


50 



112 




r. c. 

162-163* 

125 

■IMw 

105 


23 


36 



44 

72 



W.G, 

162-163* 

125 

I.M. 

168 


140 

210 






1 


R. W. 

162-163* 

125 

I.M. 

35 


18 

21 

40 







J.S. 

171 

50+lS0t 

I.V. 

36 

■1 

2U 

18J 


22i 

27 


38 

43 


J. c. 

171 

50+150t 

I.V. 

88 


21 J 

23 


19 


2U 

34 

72 


R.W. 

171 

100 

I.V. 

33 


13J 




20 


25 



R.W. 

171 

100 

I.V. 

25 


19 




25 


35 



R.W. 

171 

100 

I.V. 

35 


19 




2H 


32 



J.C. 

171 

100 

I.V, 

82 


19 




20i 


38 



I. C. 

171 

100 

I.V. 

38 


20 




37 


3Si 



J. c. 

171 

100 

I.V, 

38i 


17 




21 


58 



J.S. 

171 

200 

I.V, 

43 


17 




29J 


35 



T. IC. 

171 

200 

I.V. 

62 


19 




21J 


34 

52 


J.C. 

172 

400 

I.V. 

100 


13J 




16 


34 

36 

75 

T.K. 

172 

600 

I.V, 

52 

1 

■ 

15 




16^ 


44 

45 



* Pooled Fraction 1. Run 162 (Cut 1 and 2) and Run 163 (Cut 1 to 5). 


t 20 minutes between injections. 


RESULTS 


The data are presented in Table II and Figures 
1 and 2. With the exception of patient W. G. in 
whom the response to the injection was minimal, 


the administration of Fraction I produced a 
prompt and marked fall in the coagulation time of 
the patient’s blood. 

In one instance, a dose of 11.5 mgm. of protein 



























706 


MIKOT, DAVIDSON, LKWIS, TAGNON, AND TAVLOU 



Fig. 2. Comparison of the Effects of Whole Blood, Blood Plasma and Fraction I, Given Parenterallv, 

ON Clotting Time in Hemophilia 


* Plasma obtained from fresh whole blood and immediately frozen to minus 20° C. 


gave a marked drop in the coagulation time of the 
patient’s blood. The fall was not optimal and 
the duration of the effect was not long. With 
amounts between 100 and 200 mgm. of protein 
the coagulation time fell toward normal limits and 
occasionally reached them. The duration of the 
effective reduction for clinical purposes lasted 
from 6 to 8 hours although the coagulation time 
of the blood 24 hours after injection was usually 
prolonged but often shorter than the control co- 
agulation time. 

When more than 200 mgm. were injected the 
blood coagulation time reached normal limits and 
the evidence indicates a somewhat longer period 
of effective reduction. The data of Figure 1 indi- 
cate the changes in the coagulation time of the 
blood of patient J. C. using various amounts of 
Fraction I. 

Experience in this laboratory has shown that 
the injection of 80 ml. of fresh plasma or 100 ml. 
of whole blood is an effective therapeutic proce- 


dure in reducing the coagulation time of the pa- 
tient’s blood to normal prior to surgical procedure. 
The effectiveness of 200 and 600 mgm. of tlie 
protein of Fraction I were compared to the ef- 
fectiveness of 80 ml. of plasma and 100 ml. of 
whole blood. The results are shown in Figure 2. 
It would appear that from 200 to 600 mgm. of the 
protein were on the whole just as effective as the 
amounts of whole blood and plasma generally 
used in this clinic. The duration of tlie effect was 
approximately the same. 

As shown by the data of Table I, in 1 patient 
there was no essential difference between the in- 
tramuscular and intravenous routes of adminis- 
tration, There was no change in the prothrombin 
time of the patients following the administration 
of the globulin fraction. 

It is of some practical interest that the injection 
of a patient with an active globulin fraction had 
no influence on the effectiveness of subsequent 
injections of the material. 
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DISCUSSION 

The preliminary data show that a sharp fall in 
the coagulation time of the blood in hemophilia 
follows 'the intravenous administration of as little 
as 11.5 mgm. of the protein of Fraction I. Since 
it is known that 60 to 70 per cent of the Fraction I 
protein is fibrinogen (6) and that globulin frac- 
tions devoid of fibrinogen are active (1), it can 
be stated reasonably that the amount of anti- 
hemophilic factor injected could be much smaller 
than the total amount of protein administered. 
Hence further separation of the protein of Frac- 
tion I may well further reduce the amounts of 
the active protein required to produce effective 
reduction of the coagulation time of the blood in 
hemophilia. Some suggestions that this may 
eventually be accomplished are given in the pre- 
ceding paper (4) where it is shown that a 
fibrinogen-free fraction (Fraction III-2) has 
marked anti-hemophilic activity in vitro. 

The hemophilic patient who failed to respond 
satisfactorily to the injection of 125 mgm. of the 
protein of Fraction I, responds poorly even to the 
injection of 250 ml. of normal human plasma. His 
coagulation time is often 170 minutes. He has not 
returned to this clinic and thus no information is 
available as to effect of larger doses. It is possible 
that even he might have responded to such larger 
doses of the globulin. 

The dosage required of the material is not 
known and will require a considerable amount 
of investigation using fractions of the same po- 
tency. At present it appears that from 200 to 600 
mgm. of the protein are as effective as 80 ml. of 
plasma or 100 ml. of whole blood. 

The only untoward reaction obscr\’cd was a 
slight sclerosis of an injected vein in one instance. 
Tlic degree of sclerosis was of trivial magnitude 
such as is often encountered following the injec- 
tion of 50 per cent glucose solution. Since the 
fraction was administered in high concentration 
and quite rapidly, future consideration of these 
points probably will remove this objectionable fea- 
ture. Tlie same patient has been reinjected on 
several occasion.s without this rmtoward reaction. 

These observations clc.arly indicate that Frac- 
tion I of Cohn is an active anti-hcmnphilic prcp.a- 
ratioti. This comnuinication docs not suggest 


that it is the most active of the globulin prepara- 
tions. Our investigations for the future will de- 
termine whether other fractions are more or less 
active than Fraction I. 

CONCLUSIONS 

The administration, intravenously or intra- 
muscularly, of small amounts of the globulin frac- 
tion (Fraction I) of pooled normal human plasma 
reduced the blood coagulation time of hemophilic 
blood toward or to normal values in 15 out of 16 
instances where it was employ'^ed. One of tliese 
patients responded to as little as 11.5 mgm. of 
the globulin. In 1 patient, the effect of tlie intra- 
muscular administration of 125 mgm. of the pro- 
tein was minimal. The dosage for tlierapeutic use 
has not been established but 200 to 600 mgm. of 
the globulin have an effect equal to that obtained 
by 80 ml. of fresh plasma or 100 ml. of whole 
blood. 
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THE INCREASED PLASMA VOLUME IN CARDIAC INSUFFICIENCY: 
ITS CORRELATION WITH RIGHT-SIDED FAILURE 
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It is now well established that in cardiac insufTi- 
cienc)' there is an increase in the circulating blood 
volume as calculated by dye methods (1,2). The 
mechanism of the rise in the red cell component 
has been attributed to anoxemia (3) ; that of the 
increase in plasma volume has remained obscure. 

Discrepancies in the different quantitative meas- 
urements of cardiac insufficiency are not rare. 
The occasional appearance of acute right-sided 
failure without a comparable rise in peripheral 
venous pressure has been observ'ed in this hos- 
pital. In addition, others have noted that the 
plasma volume rise preceded the venous pressure 
change in several cardiac patients in whom fail- 
ure was induced by sodium chloride administra- 
tion (4). Although a general parallelism between 
the blood volume, circulation time and venous 
pressure has been reported (1), other workers 
were unable to determine any significant relation- 
ship between these values (2). 

Because of the lack of consistent correlation be- 
tween the various clinical measurements of cardiac 
insufficiency, the present study was undertaken to 
determine whether the plasma volume might be 
related to the degree of circulatory interference 
in the hepatic and portal vascular beds. This was 
based on the hypothesis that these areas were 
larger and more logical sites for the volume in- 
crease than the smaller pulmonary and more er- 
ratic peripheral circulations, 

MATERIAL AND METHODS 

Sixteen patients with heart disease were studied on the 
wards of the Presbyterian Hospital, all having been ad- 
mitted because of uncomplicated acute cardiac insuffi- 
ciency and with no evidence of acute or chronic blood 
loss or shock. Only those patients whose heart failure 
was predominantly right (portal and systemic conges- 
tion) or left-sided (pulmonary congestion) were in- 
cluded, and they were divided into 2 equal groups on this 
basis. Although several of each group gave a history of 
previous episodes of cardiac insufficiency, the duration of 
acute signs or symptoms was not longer than 2 weeks 
before admission in any instance. Every effort was made 


to secure data as soon after hospital admission as pos- 
sii)lc and l)cforc essential therapy had produced any 
modification of the clinical picture. The average age of 
the 2 groups of patients was comparable, although they 
varied in age from the fourth to the seventh decade. 

All observations were made within a period of several 
hours. Blood samples were obtained with the patient 
lying in bed with a 30" head gatch, and after at least a 
20-minutc period of inactivity in that position. Circula- 
tion times were measured with cither sodium dchydro- 
cholate or calcium gluconate. The plasma volume was 
determined with the blue dye T-1S24, the optical density 
being measured with the photoelectric colorimeter (5). 
Multiple serum samples were obtained after 10 minutes 
because of expected variations and delay in mixing. 
Predictions of plasma volumes were based on the data 
of Gibson and Evans (6) and the observed hematocrit, 
using both weight and surface area for comparison. Tlie 
difference between observed and predicted values was ex- 
pressed as a percentage deviation from normal. Deter- 
minations of red cell volume were not made because of 
the variable and conflicting results obtained by current 
methods, 

RESULTS 

The results are shown in tabular form. It is 
apparent that the patients with right-sided cardiac 
insufficiency exhibited a greater increase in plasma 
volume than did those with left-sided failure. Al- 
though the degree of insufficiency was in general 
reflected in other measurements, such as venous 
pressure, circulation time, and vital capacity, only 
a rough parallelism between these values and the 
plasma volume was observed. Quantitative cor- 
relation with liver size was impossible because of 
difficulties in accurate measurements, because of 
variations in body build and the position of the 
diaphragms, and because antecedent liver enlarge- 
ment could not be excluded. Nevertheless, the 
rise in plasma volume was also generally related 
to the degree of liver enlargement (Figure 1). 

Predicted plasma volumes based on weight are 
regarded as unsatisfactory in cardiac patients be- 
cause of edema. Yet, at times, the comparison 
between predicted values based on height and 
surface area showed marked deviation from each 
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other in either direction. This suggests that any 
single method of estimating normal values may 
sometimes be subject to error and that only major 
changes in plasma volume can be regarded as sig- 
nificant in a study of this kind. 

DISCUSSION 

The observation that the increase in plasma vol- 
ume may be correlated with right-sided cardiac 
insufficiency is in itself neither surprising nor 
illogical. Left-sided failure does not permit large 
volume increases as it requires but small reduc- 
tions in vital capacity to produce marked symp- 
toms; whereas major increases in congestion in 
the portal and peripheral bed can be tolerated 
rcadilj’. At autopsy, the liver in cardiac insuffi- 
ciency may be greatly increased in weight, its 
vascular channels dilated and congested, and a 
likely reservoir for many hundred ml. of blood. 

The increase in plasma volume noted in this 
study cannot be c.\plaincd by loss of dye in edema 
fluid (1). .Although the initial rapid fall in con- 
centration of the dye i.s delayed in cardiac insuffi- 
ciency, presumably because of delayed mi-ving, no 
positive evidence could be obtained to show tb.at 
there was any abnormal loss of dye from the cir- 
culation. Comjvtrison of the subsequent constant 
disa])prar.nncc slope in tlic patients wjtli incrc.'.sed 
wdinnc; gave tio in.uic.ation o: a tV.ster rcrno\-nl c: 
<lyc than existed in :!;osc witli Icft-.^idcxl f.'.ilurc. 


As regards the mechanism of the increase in 
plasma volume in right-sided cardiac insufficiency, 
it cannot be explained solely by the retention of 
salt and water. Oliguria or anuria due to other 
than cardiac failure is not accompanied by changes 
in plasma volume of the same degree or rapidity 
as seen in heart failure. It has been suggested 
that in cardiac insufficiency the kidneys may not 
be able to excrete salt and water in a normal 
manner and that this may be a function of de- 
creased cardiac output rather than secondary' to 
congestion (4). The observation that certain pa- 
tients first gain weight, then increase blood vol- 
ume, and only later demonstrate a rise in venous 
pressure, can only be explained by postulating a 
reduction in renal excretion secondary to heart 
failure. 

There are several reasons which support the 
lu-pothcsis that tlie portal and pcripheml circula- 
tory beds do not react similarly to the same in- 
creased load and that, as rewewed years ago by 
Krogb, the liver may have potcnti.alilies as a 
variable reservoir (7). TJic.'C inclmlc ihc ab- 
sence of any exact linear rcb.tinnship l>e‘.v.-ccn the 
plasma volume and the vc.nou' pressure or cir- 
culation time, as noted by otlicrs (2) ar:'! cor;- 
firmed in tr.is study. W'-.cr. cxrt-'ivt fluids -are 
administered rapidly by vein, u'ir.g ti’.e 
of Caugb.cy fF), it is at time' [•'-'‘i'dr in b't’: 
ciT.d c^rtlir.t ftc cf 
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the liver without a comparable rise in venous 
pressure. The clinical observation that pressure 
on an enlarged liver in cardiac insufficiency pro- 
duces a rise in venous pressure has been made 
repeatedly. 

It is therefore suggested that the liver and pos- 
sibly the entire portal circulation react to in- 
creases in hepatic vein pressure by dilatation and 
an enlarged venous bed. Peripheral veins on the 
other hand, perhaps because of better venous tone 
or increased pressure from without, respond to 
the same stimulus primarily by a rise in pressure 
and with less change in volume. A mechanism 
such as this may be at least a partial factor to ac- 
count for the increased plasma volume in cardiac 
insufficiency. 

CONCLUSIONS 

1. The increase in plasma volume, frequently 
encountered in patients with cardiac insufficiency, 
appears to be associated with right-sided failure. 

2. It is suggested that this increase is due to 
dilatation and engorgement of vascular channels 
in tlie liver and portal circulatory beds. 

I am indebted to Miss Barbara Wright for assistance 
in compiling some of the clinical data, and to Dr. Dickin- 
son W. Richards, Jr., for his valuable suggestions. 
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This study was undertaken to estimate the 
relative effect of clothing in protecting men ex- 
posed out-of-doors from the heat load conlrihutcd 
by sunlight. Under such conditions, sunlight, 
both direct and reflected, forms a certain portion 
of the total heat load. This will be referred to 
herein as the solar heat load. If the influence of 
clothing on the total heat load is to be analyzed, 
this factor is best treated as separate from tlic 
heat load contributed indirectly by the sun through 
its influence on the temperature of the ambient 
air and the terrain. 

The evaluation of the effect of clothing on the 
solar heat load by direct experimental methods 
presents many difficulties. Sunlight cannot be 
closely simulated in the laborator}’’ and, on the 
other hand, testing under outdoor conditions pre- 
sents difficulties because numerous factors cannot 
be accurately evaluated and controlled. 

THE SOLAR SPECTRUM 

In order to view the problem properly, refer- 
ence must be had to the spectrum of sunlight. 
Curve 0 in Figure 1 represents the spectral distri- 
bution of sunlight outside the earth’s atmosphere. 
The spectral distribution is altered in passage 
through the atmosphere due to the fact that all 
wave lengths are not absorbed equally. The at- 
mospheric constituents chiefly responsible for this 
alteration of the spectrum are ozone, which ab- 
sorbs the short wave length ultraviolet end of 
the spectrum, and water vapor which absorbs the 
long infrared wave lengths. The latter is of par- 
ticular importance with regard to the present 
problem. The quantities of both ozone and water 
vapor in the atmosphere vary at different times 

i The opinions or assertions contained herein are the 
private ones of the writer, and are not to be construed as 
official or reflecting the views of the Navy Department. 

-This paper was originally prepared as a report for 
the Subcommittee on Clothing of the National Research 
Council. 


and placc.s, and the spectral distribution of sun- 
light is altered accordingly. The other gases in 
the atmos[)herc ab.sorb very little within the spec- 
tral range of sunlight. The spectral distribution 
is also altered by scattering by gas molectflcs, 
and by dust particles. Curves 1 and 2 in Figure 
I represent sunlight at the earth’s surface when 
certain quantities of ozone (2.8 mm.), water 
vapor (20 mm.), and dust (300 particles per 
cm^) are present in the atmosphere. Curve 1 
represents the spectrum when these atmospheric 
conditions pertain and when the sun is directly 
overhead, while cun’c 2 represents the spectrum 
under the same conditions when the sun is 60° 
from zenith, at which time the rays pass through 
twice as thick a layer of atmosphere. 

Considering all these factors, it is obvious that 
accurate predictions cannot be made about sun- 
light without direct measurements, or without 
knowledge of the atmospheric conditions and 
proper consideration of latitude, season, and time 
of day, all of which determine the angle of the 
sun with respect to the zenith. 

Figure 1 shows that the maximum of the solar 
spectrum occurs at about 0.48 /i. Thermal emission 
having its maximum at this wave length would be 
given off by a black body at 6,000° K. (K. = Kel- 
vin, absolute temperature). Such a temperature 
is not attainable in the laborator)^ for a mass 
great enough to supply quantities of radiant en- 
ergy comparable to sunlight. This presents an 
apparently insurmountable barrier to the simula- 
tion of sunlight in the laboratory. 

The curves R and C in Figure 1 indicate the 
spectra! sensitivity of, respectively, scotopic vision 
(rods) and photopic vision (cones). The latter 
covers the approximate range 0.4 p. to 0.7 fi. This 
is generally referred to as the visible spectrum, 
shorter wave lengths being denoted ultraviolet, 
and longer wave lengths infrared. Measurements 
in which the human eye is used as the photo- 
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Fig. 1. Spectral Distribution- of Sunught 

0, outside the atmosphere; 1, with the sun at zenith; 2, with the sun at 60° from zenith. Curves 1 and 2 are 
for 20 mm. HjO, 2.8 mm. ozone, and 300 dust particles per cm.* From the data of Moon (1). 

Curves R and C indicate, respectively, the spectral sensitivity of the human rods, and cones; the ordinate 
units arc arbitrary. 


sensitive instrument (this includes all “photo- 
metric” measurements) give inaccurate informa- 
tion as to the intensity of the ultraviolet or infra- 
red radiation or of total sunlight. 

In the present problcnt we arc concerned with 
the heat load contributed by sunlight, which is 
made up of wave lengths ranging from approxi- 
mately 0.29(1 to 2.2(1. A certain portion of the 
radiation falling upon the body is absorbed, and 
the remainder reflected. If the body were cov- 
ered with a surface which reflected a large propor- 
tion of .all these w.avc lengths, as for c-xamplc, 
with aluminum paint, the solar heat load might 
he rciUiccd to a negligible quantity. White cloth- 
ing would reduce the load, but c.amoufl.agc require- 
ments for militaiy clothing limit the amount of 
.sunlight that can lie reflected in ccrt.ain regions 
of the spcctnim. for a part of th.c visible spectrum 
must be absorbwl in order tlmt a man mav ap]>ear 
to bleuvl into tb.c terrain. Tb.us. any attempt to 


improve the reflecting power of clothing must be 
limited by the requirements of camouflage so far 
as visible wave lengths (0.4 n to 0,7 (i) are con- 
cerned. Since photographic rcconnaisancc using 
infrared sensitive photographic emulsions must 
be considered also, similar restrictions arc placed 
on the amount of reflection allowable in the near 
infrared, to which these emulsions arc sensitive. 
If tlic more common infrared sensitive emulsions 
arc used, the long wave length limit h about 0.9 /i ; 
if it is possible to use the most sensitive emulsions, 
this must be extended to 1.2 /i. In Tabic I the 
amounts of solar radiant cnergv- falling on a hori- 
zontal surface arc shown for various spectral re- 
gions for difl’erent conditions. 

r.r.rLrcTioN of srxuonT rro;; r.sr?ic? 

Aldrich b.a'; recently n.’.cTi'ure'; tb.c reflrcti-'n. of 
sunlight by a n.urn.Wr of f.cbrir;, ILn .utr.c'Tirc- 
mcr.ts, quoted by Wul'in (2). arc rcr. r-duerd in 
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TABLE I 

Energy of sunlight' 


Eucro' of simliRhl 


Zenith 

angle 

i 

All w.nve 
lengths 

Kilocalories per m,* per minute 

Exclusive of 
visible 
(all e.xccpt 
0.-Mto0.7ij) 

0.7jj to 
O/iM 

! 0.9, < to 

t.2M 

0«5 

14.7 

8.7 

5.0 

2.7 

0“* 

13.2 

7.3 

3.9 

1.9 

60“* 

10.6 

5.9 

3.3 

1.5 


* Estimated from the data of Moon (1)._ 

~ Dry air, 2.8 mm. ozone, 300 dust particles per cm*. 

* 20 mm. HsO, 2.8 mm. ozone, 300 dust particles per cm*. 


There is consiflcrahle diilcrciirc in reflection by 
the difTerent fabric.s. As would he c.xpected, white 
fabrics reflect more lliati colored fabrics, but the 
total reflection need not parallel too closely the 
apparent darkness to the eye. Aldrich has esti- 
mated the per cent of radiation reflected in the 
‘‘visible’’ (0.3 (i to 0.7 /t) and in the "infrared” 
(0.7/t to 2.5 /i), for the items de.scribed in Table 
II, and these data arc reproduced in Table III. 
In general, these fabrics reflect infrared radiation 
to a greater extent than visible. This is contrary 
to a widespread, erroneous belief that all sub- 
stances absorb infrared radiation almost com- 
pletely. 


Table II, together with a few older measurements 
(3). Earlier measurements by Coblenz. (4) arc 
in general agreement with these, but refer to only 
limited portions of the spectrum. Aldrich’s data 
include measurements of transmission of sunlight 
by the fabrics, which in no instajicc is high. It 
may be assumed that most of the transmitted radi- 
ation is eventually absorbed either at the skin sur- 
face or by the fabric, so it has been included in 
the percentage contributing to the heat load in 
the first column of Table II. 

TABLE n 


TABLE m 


Rcjleclion of visible and infrared portions of 
sunlight by fabrics 



D.it.n of Aldrich 
Reflection of sunlight 
"Visible" 

"Infrared" 

Item 

0.3,1 to 0.7p 

0.7,1 to 


fer cent 

per cent 

1 

24.1 

53.7 

2 

27.8 

64.5 

3 

69.3 

60.2 

4 

28.8 

55.0 

5 

62.7 

58.3 

6 

25.8 

58.9 

7 

72.1 

49.0 

8 

12.1 

49.0 

9 

13.3 

30.2 

10 

6.6 

7.5 


Reflection of total sunlight by various fabrics 


Item 

Fabric 

Con- 
trib- 
uting 
to the 
heat 
load' 

Re- 

flected 

Trans- 
! milted 

1 

Data of Aldrich 

Shirt, Mock Leno, slightly 
permeable 

55.9 

1 

Per cent 

44.1 

5.1 

2 

Cotton, khaki — 8.2 oz. 

43.7 

56.3 

0.0 

3 

Cotton, percale, white 

33.2 

66.8 

0.5 

4 

Cotton, percale, O.D. 

51.5 

48.5 

2.5 

5 

Cotton, tubular balbriggan 

37.6 

62.4 

3.2 

6 

Cotton, twill, khaki 

48.3 

51.7 

0.2 

7 

Cotton, shirting worsted, 
O.D. 

61.1 

38.9 

0.1 

8 

Cotton denim, blue 

67.4 

32.6 

0.0 

9 

Cotton, herringbone twill 

73.7 

26.3 

0.1 

10 

Cotton, duck No. 746 

92.8 

7.2 

0.0 

11 

12 

Data of Martin (3) 
Cotton shirt, white un- 
starched, 2 thicknesses 
Cotton shirt, khaki 

29.0 

57.0 

71.0 

43.0 


13 

Flannel suiting, dark gray 

88.0 

12.0 


14 

Dress suit 

95.0 

5.0 



* The transmitted radiation is considered to be absorbed 
by the skin (see text). 


Improvement of the reflecting power of clothing 
within the limits imposed by military field require- 
ments would depend chiefly upon finding dyes 
which, while presenting appropriate colors to the 
eye (or contrasts to tlie photographic emulsion) 
compatible with camouflage requirements, permit 
greatest reflection of the total radiation. This 
would entail mainly the reflection of infrared radi- 
ation. Texture of the fabrics is also of impor- 
tance, since some will be better diffuse reflectors 
than others. These will probably be minor fac- 
tors, however, and the absorption spectra of the 
dyes can be regarded as placing the limits of at- 
tainable reflection. The absorption spectra of 
dyes, and hence their reflecting properties, depend 
upon their chemical constitution. As a rule they 
do not give sharp spectral cut-offs. It would 
probably be difficult to predict the appropriateness 
of particular dyes without laborious study of their 
absorption spectra, including ranges outside the 
scope of the usual spectrographic equipment. 
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Thus, the selection of dyes to improve the reflect- 
ing powers of military fabrics would be a difficult 
task, and the degree of success to be expected is 
not great. 

Under' the field conditions, clothing becomes 
soiled and this may alter both the total reflection 
and the reflection in different spectral regions. 

REFLECTION BY HUMAN. SKIN 

The reflection of sunlight by human skin pro- 
vides a basis of comparison with the reflection by 
fabrics. Martin (3) found 43 per cent reflection 
of total sunlight from average blond human skin. 
Brunet skin showed 35 per cent reflection, and 
negro skin 16 per cent. The values for white skin 
are in general agreement with those of anotlier 
investigator (5) for reflection of total sunlight, 
and compatible with those of others who have 
measured the reflection of visible, ultraviolet, and 
infrared wave lengths (6, 7, 8). 

THE SOLAR HEAT LOAD AND ITS RELATIVE 
IMPORTANCE 

The total solar heat load, L, impinging upon a 
man exposed directly to the sun may be divided 
into 3 portions'. D, the direct radiation which 
strikes the profile exposed ; H, the reflected radi- 
ation from the sk>' ; and T, the radiation reflected 
from the terrain. Thus, 

L = D + H + T (1) 

While a great many data have been collected on 
the direct and “slr>'” radiation falling upon a hori- 
zontal surface, there is little information available 
as regards the sunliglU reflected from the cartli, or 
the total energy from these 3 sources which falls 
upon a solid object, sucii as the human body. The 
relative importance of the 3 factors, direct, skj', 
and earth radiation, \-aries with the position of 
the man exposed to them. Hence, integrated 
measurements of the energy' from the 3 sources 
by means of a physical instnimcnt. such as the 
Vernon sphere, arc not directly intcrprctablc in 
terms of the solar heat load received by a man 
exposed to tl'.c same conditions. The following 
estimates in which th.c liu'.nan hy\y is treatc-.l as 
tl’.otigh made up of simple geometrical S'urf.accs 
give an idea eif tlic variations of the solar heat 
load witlt various conditions, and j'rovidc ar-proxi- 


mate values for comparison with tlie metabolic 
heat load. 

The direct radiation. Let us designate as S, 
the total energy' of all wave lengths contained in 
sunlight (approximately 0.29 je to 2.2 /e) falling on 
unit area of a surface normal to the sun’s rays in 
unit time. Let F represent the fraction of sun- 
light diffusely reflected by a fabric or by human 
skin ; the portion of the incident energy absorbed 
by the clothing or body is then (1-F).® 

The direct component of the solar heat load, D, 
is then 

D = S(l-F)P (2) 

where P is the profile exposed, i.e., the projection 
of the body shadow on a plane normal to the 
sun’s rays. With the sun directly overhead and 
the man standing erect, P is equal to about 7 per 
cent of the body surface or about 0.12 m- for a 
man of average body surface, 1.7 m*. For a man 
lying prone, P is equal to about 30 per cent of 
the body surface or for an average man, 0.51 m*. 
As the sun moves away from the zenith, P ap- 
proaches 0.51 m* for a man facing the sun, ap- 
proximately as the sine of tlie zenith angle. At 
15° from zenith (one hour) tlie profile presented 
should be about 0.13 m-, i.c., about the same as 
when the sun is at zenith. At 60° from zenith 
(four hours), however, the profile should be about 
0.51 X sin 60° = 0.42 m% 

For a man lying prone P decreases as the cosine 
of the zenith angle, so that when the sun is at 60° 
the profile presented is only one-half as great as 
when the sun is at zenith, i.e., 0.255 m*. Direct 
solar heat loads have been calculated on the above 
basis for 0° and 60° zenith angle, and thc.se .ap- 
pear in Table IV. In all calculations in Table IV 
the values of solar radiation for 20 mm. water 
r-apor, which appear in Table I have been used ; 




when and arc. rcsrrctjve'y, she f'.'ar ererry ar,'. 
th.c rejection for w.-ivclcnrth Si.ecc an-! I\ 
5nr?cj>en;!cr!‘.Iy wish X the r'.:~er:c?.l va’ee c! in rg-n- 
si-n (n deprrAf up'-n a ri-.cn set rf C'-'t;',: m Shr.— ;;’h- 
ouS which t’rc rnn'-irhs •pectran; varir*, an J the refi-rt: -n 
fgectrem it Oiflctcr,". trr each, tilric, cjt'rict-; are 
rr-.!y arreeiimite ; l-jt the err'r is cer'.a-'-'y r. t rrw,'-r 
ih.an errerj in;rc»h.;ce"! ty e'.’.-r at' crn;',! — 
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and the reflection factor F taivcn as 0.43, the value 
found by Martin for blond human skin. 

Rough as these estimates arc, they show clearly 
that the direct solar heat load must ^'ary consid- 
erably with the position of the man atid the time 
of day; and that the maximum direct load may 
be received in one position at one time of day, 
and in another position at another time. 

The "sky" radiation. Direct measurements 
show that about 15 per cent of the radiation falling 
on a horizontal surface when the zenith angle is 
between 0° and 60° is reflected radiation from the 
slry (see 9, p. 60). The proportion of sky radi- 
ation increases rapidly for zenith angles greater 
tlian 60°, but between 0° and 60° the slcj' radiation 
falling on a horizontal surface of unit area should 

be equal to approximately ^ Vi 5 ) ^ 

where s is the zenith angle. The slc}'’ radiation 
falling on a vertical surface will be only one-half 
that striking a horizontal surface, since the former 
presents itself to only one-half the heavens. This 
makes it difficult to estimate the amount of slv}' 
radiation striking an irregular body such as a 
man. In calculating the heat load we have used 
one-half the total body surfare for both the erect 
and prone positions, on the assumption that about 
half the body is presented horizontally to the sk}’’ 
when prone and that the greater part of the body 
surface is presented vertically to the sir)'- when 
erect. Estimates based on these assumptions are 
presented in Table IV. 


TABLE IV 

Estimated solar heat load under various conditions 


Position 

of 

man 

Zenith 

angle 

Solar heat load* 

Direct 

(D) 

Sky 

(H) 

Terrain’ 

(T) 

Total 

(L) 




kilocalorie 

5 per min. 


Erect 

0° 

0.90 

1.13 

1.88 

3.91 


60° 

2.67 

0.45 

0.75 

3.87 

Prone 

0° 

3.84 

1.13 

0.78 

5.75 


60° 

1.54 

0.45 

0.31 

2.30 


^ Under the following atmospheric conditions, 20 mm. 
H 2 O, 2.8 mm. ozone, 300 dust particles per cm*, and 
assuming that 43 per cent of the total solar radiation is 
reflected by the body. 

* Albedo of terrain assumed to be 0.25. 

The fmrain reflection. Estimation of the heat 
load reflected from the terrain is yet another prob- 


lem. It is necessary, first, to know the albedo. A, 
or fraction of the solar radiation that is diffusely 
reflected by the terrain.^ A good many deter- 
minations of the albedos of terrains have been 
made by visual photometi^', and hence can only 
be accepted as approximate values for total sun- 
light. For our estimates in Table IV, 25 per cent 
diffu.se reflection has been assumed. This value 
was obtained for a desert sand by Mr. living F. 
Hand (personal communication). Hulburt (10) 
obtained somewhat higher values for beach sands. 
Coblenz found 30 per cent diffuse reflection from 
the leaves of the tulip tree, but lower values for 
other foliage. Some high albedos have been ob- 
tained for snow, in the ultraviolet and visible, but 
the infrared is largely absorbed (see 10). 

For approximate estimates it may be assumed 
that the terrain is a surface of infinite area, .which 
reflects 25 per cent of the solar radiation falling 
on it, including direct and “sk)'” radiation. A 
horizontal plane facing this surface will receive 
per unit area that quantity of radiant energ)’- re- 
flected from a similar area of the reflecting sur- 
face; whereas a horizontal plane facing upwards 
will receive none of the reflected radiation, A 
vertical plane will receive one-half tlie radiation 
received by a horizontal plane facing the reflecting 
terrain. 

If we assume that in the erect position most of 
the body surface is exposed vertically, we may 
write 


T = ilf(l - F) 

.4(5 cos z -f 
X-A 


0.15 o \ 
1.00 - 0 . 15 *^^°^^/ 
2 


(d) 


where M is the portion of the body surface ex- 
posed to the diffusely reflected radiation from the 
terrain. Assuming that all the surface is exposed 
vertically the value 1.7 m^ may be assigned to M. 
Since any part of the body exposed horizontally 
facing the earth’s surface will receive twice this 
much reflected radiation from the terrain whereas 
those that face upward will receive none at all, this 
assumption seems not too unreasonable. 


J iX2 .2)1 
X.29ii 


Hence the same qualifications apply as for 5“ and F, see 
footnote 3. 
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In the prone position, the surface presented to 
the terrain is relatively small. Assuming that a 
profile 0.5 m” is in contact with the ground and 
another equal profile is presented to the shy, 1.0 
m= of the body surface rvill receive no appreciable 
amount of reflected radiation from the terrain. 
The remainder of the body surface, 0.7 m- may 
be regarded as presenting a vertical surface, and 
hence may be substituted for M in equation (3). 

In Table IV estimates of the direct, sky, ter- 
rain, and total heat loads for the erect and prone 
positions and for 0° and 60° zenith angle, are pre- 
sented. Reference to this table indicates that, 
even though considerable errors may have been 
introduced in estimating the heat loads from the 
sky and from the terrain, these factors cannot be 
neglected in the estimation of the total solar heat 
load. They also show that these factors may be 
expected to have very different relative impor- 
tance under different conditions. This alone 
throws doubt on the possibility of obtaining satis- 
factory estimates of the solar heat load by means 
of experiments in which men are exposed to sun- 
light out of doors. 

THE RELATIVE IMPORTANCE OF THE SOLAR 
HEAT LOAD 

The relative importance of the solar heat load 
may best be evaluated by comparing it with the 
heat load of human metabolism. The metabolism 
of a man of average height and weight is about 96 
kilocalories per Iiour when seated and about 265 
kilocalories per hour when marching at 3 miles 
per hour. For comparative purposes the average 
of all the values for the total solar heat load pre- 
sented in Table IV may be used. This is roughly 
4 kilocalories per minute or 2-10 kilocalories per 
hour. This is 2 to 3 times the resting metabolism, 
and about equal to the marching metabolism. It 
would be ncccssaiy to evaporate approximately 
420 grams of water per hour to take care of the 
solar heat load of 2-10 kilocalories. This is about 
onc-h.ali the w.ater requirement of a man march- 
ing in the desert in the middle of the dav under 
•average summer conditions (5, 11). 

To what extent may this heat load be deertaased 
by clioosing clothing with th.c best reflection cli.ar- 
nctcristics? The v.alucs for th.c hc.at load calcu- 
lated in T.ald.c 1\* .arc ha^cd on rcncction of 43 per 


cent. If the reflection were 71 per cent, as meas- 
ured by Martin for white cloth, the. solar heat load 
would be about. one-half or 120 kilocalories per 
hour. This would seem to be about tlie best 
achievable condition, but would not be compatible 
with military field requirements. On the otlier 
hand, if the reflection were 12 per cent, as found 
for dark flannel suiting, the solar heat load would 
be increased to about 370 kilocalories per hour. 
In terms of evaporation of water, tills means a dif- 
ference of about 420 grams per hour as the range 
between the best and the worst conditions. As re- 
gards militaiy' fabrics the limits entailed by the 
requirements of camouflage, and the nature of 
fabrics and dyestuffs, the differences between field 
uniform fabrics in terms of the saving of water by 
reflection of the solar heat load would probably 
be much less than this.® Reference to Table I will 
show’ that if because of camouflage requirements, 
the saving must be made principally from the 
longer wave length infrared, it could not be very 
great in any case. 

EXPERIMENTAL DETERMINATION OF THE EFFECTS 
OF CLOTHING ON THE SOL.AR HEAT LOAD 

Physiological measurements. It is generally as- 
sumed that when the air is relatively dry’ and the 
ambient temperature is near that of the body’s 
surface, the amount of water evaporated, as meas- 
ured by the decrease of body weight, provides a 
measure of the amount of heat which the body 
has dissipated, within a given time. This is true 
only when surrounding surfaces and objects arc 
also at the temperature of the body’s surface. It 
docs not imply that it is possible accurately to 
estimate the solar beat load by comparing cr-apo- 
rativc losses for men in the sun and in the .riiadc 
as lias been attempted. In the first place, tiic es- 
tablishment of adequate shade for such an cxpc.ri- 
ment is difficult, since reflection of sunlight from 
the sky and from the terrain which remain v.her! 
the direct sunlight is eliminated arc difficult to 
c\-aluate. Furthermore, the use of any object for 
shading the body introdticcs anoth.cr factor. t!:e 

' Thr rrt.ir V.rr.’. I-;?'; r-.i-.- to rs'-’.y r'd-rj-.’-t f:r * 
wric-jt r; i'.' • 't ? in IV- 11. T;r 

( f /. ;r. Ti! IV 
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radiation rceinittcd by that object, and there arc 
still other factors which need to be taken into con- 
sideration. 

Under conditions in which the ambient air tem- 
perature is below body temperature, heat is lost 
by convection and conduction, which thus interfere 
with estimates of the solar heat load. Convection, 
provided by wind or simply by body movement, 
may be a factor even when the ambient tempera- 
ture is above that of the bod}' since it may affect 
the rate of evaporation on the body surface in the 
case of porous clothing. The estimation of these 
factors is beyond the scope of this paper, but they 
should be considered in any calculation of the total 
heat load. 

Another factor seldom taken into account is the 
exchange of radiation of longer wave lengths than 
those found in sunlight, between the body and its 
surroundings, i.c., the terrain and the atmosphere. 
To appreciate this phase of the problem let us first 
consider the exchange between the body and the 
terrain. For the purpose, the terrain may be as- 
sumed to be a diffusely radiating surface of infi- 
nite extent, in which case the same geometry ap- 
plies as for the reflection of sunlight from the 
terrain (see p. 716). On the basis of the assump- 
tions made above, a man standing erect would 
present his body surface vertically and would re- 
ceive one-half the radiation from the terrain. We 
may thus treat the problem as the exchange of 
radiation between two surfaces of area equal to 
one-half the body surface or 0.85 m“. If the air 
were absolutely dry, these two surfaces might be 
treated as black body radiators, and the Stefan- 
Boltzmann law applied. This law states that the 
exchange of radiation between two such bodies is 
proportional to the fourth power of the difference 
between their absolute temperatures. The magni- 
tude aiid direction of this heat exchange would 
depend, upon the temperature of the body surface 
and that of the terrain. By way of example, if 
the body surface were at 37° C. and the terrain at 
60° C. the body of a man standing erect should 
gain 128 calories per hour from the terrain, a 
sizeable addition to the total heat load. If the ter- 
rain Avere cooler than the body, the latter would 
lose heat. 

When water vapor is present a certain fraction 
of this radiation will be absorbed by the atmos- 


phere lying between the body and the terrain. 
Black bodies at the temperatures of the human 
body and the terrain, emit radiation over a broad 
range with a maximum at about 10 /t.® Water 
A'apor is transparent to a Avidc spectral band at 
about tliis wave length, hut strongly absorbs wave 
lengths on both sides including a large fraction of 
that radiated by such bodies (12, 13). The other 
ga.scs of the atmo.spherc do not absorb in the 
spectral region to which water A’apor is trans- 
parent, with the exception of ozone Avhich is only 
present in important concentration in the upper 
layers of the atmosphere. Because of this specific 
absorption of certain wave lengths the Stefan- 
Boltzmann law is not directly applicable when 
water vapor is present in the atmosphere, and the 
estimation of the heat load emitted by the terrain 
thus involves considerable uncertainty under these 
conditions. However, since most of the radiation 
from the terrain which strikes the body comes 
from the relatively near regions, the effect of ab- 
sorption by water vapor may not be great. 

TABLE v 

Reflection by military fabrics of radiation from a 
black body at 60'^ C. 


Data of Aldricli 


Item 

Contributing to 
tlic Iicat load’ 

Transmitted 

Reflected 


per cent 

per cent 

Per cent 

1 

87.0 

4.6 

13.0 

2 1 

90.0 1 

0.6 

10.0 

3 

74.8 

0.6 

25.2 

4 

75.0 

2.4 

25.0 

S 

90.5 

1.5 

9.5 

6 

88.5 

0.0 

11.5 

7 

90.4 

0.0 

9.6 

8 

90.0 

0.0 

10.0 

9 

81.0 

0.0 

19.0 

10 

90.0 

0.0 

9.1 


_ * The transmitted radiation is considered to be absorbed 
since it will be largely absorbed by the skin. 


It is improbable that the heat load received by 
such radiation from the terrain can be reduced 
appreciably by choice of fabrics. Aldrich has 
made measurements of the reflection by those mili- 
tary fabrics listed in Tables II and III of radia- 
tion from a body at 60° C. ; these are presented in 
Table V. Very little of such radiation is reflected 
by any of the fabrics. 


® The distribution is described by Planck’s equation. 
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Radiation exchange exclusive of sunlight, be- 
tween the body and the atmosphere involves the 
same factors, but is even more complex. The 
transparency of water vapor permits some of the 
radiation from the body to pass to higher layers 
of the atmosphere which are cooler than the am- 
bient layer. This is a channel of heat loss usually 
disregarded. Accurate estimate of this radiant 
energy loss is difficult, but an idea of its relative 
magnitude may be gained from an analysis made 
by Simpson (14, 15) for an entirely different pur- 
pose. In considering the heat loss from the earth, 
this investigator (15) estimates maximum and 
minimum values for atmospheric transmission tak- 
ing differences in amount of water vapor into ac- 
count, and arrives at mean and limiting values for 
the long wave-length radiant energy lost to the 
heavens by a horizontal surface at a given tem- 
perature (Figure 2). This is generally known as 



Vic. 2. EsTIMAIVTI R.>iTiIAT10S Lri?P JTOM a Ho?-UOXT.^L 
Supr.^cr. TO Tiir. .ATj'osritr.r.r. 


Frctii tl'.c ihta of Sinip.'on (15). 

the "nocturnar’ radiation l*ccnn?c it is t:F;:alh' 
measured at night. Tiie out-going radiation mc.as- 
ured independently of solar ra.diation during th.c 
day is contparaldc. and is dependent chiedy cn the 


temperature and humidity (16). Measurements 
b}' different methods (17, 18) give values falling 
within Simpson’s estimates. 

Extrapolating Simpson’s mean curve (Figure 
2) we see that a surface at 37° C. may be ex- 
pected to lose about 2.5 kilocalories per m.- per 
minute by this channel. Using the same treatment 
as for solar radiation reflected from the sky 
a man standing erect would present 1.7 ni- 
vertically to the heavens and should lose about 
128 kilocalories per hour as long wave length 
radiation. This might be considerably higher or 
lorver depending on the amount of water vapor 
in the atmosphere. 

For purely illustrative purposes, a thermody- 
namic balance sheet has been attempted in Table 
VI, for a hypotlietical set of conditions, namely ; 

TABLE W 

Allempled thermodynamic balance sheet for a man marching 
at 3 miles per hour; ambient air dry with temperature 
about 37° C., terrain at 60° C., and body 
surface at 37° C. Sun at eenilk 

kilocatoriei per hour 


Metabolism -h265 

Total solar heat load _ _ -h234 

Long wavelenjjth radiation 
exchange with terrain^ -{-128 

Long wavelength radiation 
exchange with heavens —126 

Evaporation _ —506' 

Convection and conduction db? 


Total — 7 (this close appap 

ent balance is 
fortuitous) 

'Based on average value from Adolph rJ cl. (11), SS2 
grains of water loss per hour. 

sun at zenith, temperature of the terrain (50° C., 
ambient air relatively dry and at a temperature 
somewhat above that of the body, the man erect, 
marching at 3 miles per hour. Tiie evaporation 
factor is based on the loss of 832 grams of water 
per hour, an average figure obtained (11) for men 
walking on the desert. Convection and conduc- 
tion losses arc assumed to Ik: small because tb.e 
temperature of the ambient air is near tb.at of tlie. 
l)ody, but rcprc.<-cnt an unknown v.alne. Tl:e 
radiation \'alucs arc tlmsc c.alculatcd, in tins paper. 

Ti’.c close over-all balance o’ltained i^ {'irt';:!'’': '. 
as i= tl;c exact hr.lrinrc Ictween rr.nir.tion fri-m t; e 
terrain and to tb.e !;e.avcr.5. H.-.d t:;e go trm- 
|x;nr.tu:c 1-een t.at.en. r.= Kt’ b.v.fr r r t' - a* 
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to a temperature 10° higher than that chosen, the 
balance would be considerably upset. It should 
be pointed out that for a man at rest, the long 
wave length radiation exchange would be more 
important relative to the metabolism, and it might 
be interesting to explore other possibilities. How- 
ever, Table VI shows clearly that a balance is 
possible with values of these magnitudes, but that 
none of the various items estimated therein can 
be neglected in drawing up a balance sheet. 

The evaporation factor tends to adjust itself 
due to sweating so that the body temperature docs 
not rise excessively. Thus this factor may be ex- 
pected to vary to compensate when the other fac- 
tors shift with various conditions. When the 
magnitude and variability of the other factors are 
considered, it does not seem surprising that 
Adolph and his coworkers (5, 11), should have 
obtained different values for evaporative heat loss 
under the various conditions they explored, nor 
that these values display the general consistency 
they do. 

The whole problem of radiant exchange with 
outdoor surroundings is, thus, quite complex and 
cannot be accurately simulated in an enclosed 
room. Moreover, all these factors render physio- 
logical measurements out-of-doors subject to con- 
siderable variability, not only in so far as the solar 
heat load is concerned, but with regard to the 
heat load as a whole. 

Physical measurements. Physical measure- 
ments would seem better than physiological for de- 
termining protection afforded by clothing against 
solar heat load, since the important factor to be 
measured is the diffuse reflection of solar radia- 
tion. Such measurements must either be made 
with sunlight, as were those of Aldrich and Mar- 
tin, or must involve measurements throughout the 
spectrum. If sunlight is used, conditions should 
be selected such that its intensity and spec- 
trum can be estimated with reasonable accu- 
racy. The data of Moon (1) should be useful in 
this respect. Spectral measurements must cover 
the range 0.029 ^ to 2.2 /t. All such measure- 
ments should be based on the response of thermo- 
couple or bolometer. Determinations made by 
photometric methods would have little meaning, 
since they only give an index of the reflection in 
the visible in terms of the human eye. Since the 


fabrics may transmit a certain small fraction of 
the incident light, which will in turn be absorbed 
or reflected by the underclothing or skin, the fab- 
ric to be tested should be backed with under- 
clothing and/or a .surface resembling human skin. 

CONCLUSIONS 

Since the amount of saving of solar heat load to 
be anticipated by improvement of the reflecting 
properties of military uniform fabrics is not great, 
it would seem wise to concentrate effort on the 
evaluation of properties of fabrics that can be 
studied in the laboratory, and which are of im- 
portance under all conditions of iiot environment, 
namely, their effect on cooling by conduction, 
convection, and radiation at ordinary tempera- 
tures. 

Where reflecting properties of clothing are to be 
considered, they should be determined by direct 
physical measurement. 

Necessary data are lacking for evaluation of 
the thermal relationships of man with an outdoor 
environment, some of which lie in a domain that 
is generally left to the physicist, the meteorologist, 
or the astronomer. It would seem important to 
obtain some of these data with the express prob- 
lems of the environmental physiologist and clima- 
tologist ih mind. 

SUMMARY 

1. The solar heat load received by man is esti- 
mated and compared with the metabolic heat load. 

2. Methods of determining the effect of cloth- 
ing on the solar heat load are considered. 

a. Physiological determinations either indoors 
or out-of-doors are not trustworthy. It is impos- 
sible to simulate accurately in the laboratory, 
either sunlight or the conditions of exposure to 
sunlight. The variables entering into outdoor ex- 
periments render them susceptible to misinter- 
pretation. 

b. Physical measurements of the reflection of 
sunlight by fabrics should give the best estimates 
of their effectiveness in combatting solar heat load. 

3. The saving of solar heat load to be accom- 
plished under the limitations of camouflage re- 
quirements for military clothing may not justify 
the time and effort needed to make extensive 
studies. 
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Most of the values for reflection of sunlight by fabrics 
used in this report were obtained by Dr. L. B. Aldrich of 
the Smithsonian Institution of Washington at the request 
of Dr. F. B. Wulsin of the Military Planning Division, 
Office of the Quartermaster General. Albedo measure- 
ments of terrain made by Mr. Irv’ing F. Hand of the 
U. S. Weather Bureau have also been employed. It is a 
pleasure to acknowledge the cooperation of these men in 
placing their material at my disposal. Thanks are also 
due to Professors L. H. Newburgh and C, P. Yaglou, and 
to Commander R. H. Lee, H-V(S), USNR, for advice 
and criticism. 

BIBLIOGRAPHY 

1. Moon, P., Proposed standard solar-radiation curves 

for engineering use. J. Franklin Inst., 1940, 230, 
583. 

2. Wulsin, F. R., Responses of man to a hot environ- 

ment. Report, Climatic Research Unit, Research 
and Development Braneh, Military Planning Di- 
vision, O. Q. M. G., 1943, 1-59. 

3. Martin, C. J., Thermal adjustment of man and ani- 

mals to external conditions. Lancet, 1930, 219, 
673. 

4. Coblenz, W. W., The diffuse reflecting power of vari- 

ous substances. Bull. Bureau of Standards, 1913, 
9, 283. 

5. Adolph, E. F., Personal communication. 

6. Schultze, W., reflexion und Absorption der Haut im 

sichtbaren Spectrum. Strahlentherapie, 1926, 22, 
38. 

7. Schultze, W., Die Reflexion und Absorption der 

menschlichcn Haut im Ultraviolett. Strahlenthcra- 
pic, 1930, 35, 369. 


8. Hardy, J. D., and Muschenheimer, C., The radiation 

of heat from the human body. IV. The emission, 
reflection, and transmission of infrared radiation by 
the human skin. J. Clin. Invest, 1934, 13, 817. 

9. Laurens, H., The Ph 3 'siological Effects of Radiant 

Energy. Chem. Catalogue Co., New York, 1933. 

10. Hulburt E. O., The ultraviolet, visible, and infrared 

reflectivities of snow, sand, and other substances. 
J. Optical Soc. America, 1928, 17, 23. 

11. Adolph, E. F., Rahn, H., Gosselin, R. E., Goddard, 

D. R., Brown, H. H., Kelly, J. J., and Wolf, A. F., 
Personal communication. 

12. Humphreys, C. E., Physics of the Air. McGraw-Hill, 

New York, 1940. Chapter VI. 

13. Kuiper, G. P., Stellar temperature. In Temperature, 

its Measurement and Control in Science and In- 
dustry. Reinhold Publishing Corp., New York, 
1941. 

14. Simpson, G. C., Some studies in terrestrial radiation. 

Mem. Roy. Meteorological Soc. (London), 1928, 
2, 69. 

15. Simpson, G. C., Further studies in terrestrial radi- 

ation. Mem. Roy. Meteorological Soc. (London), 
1928, 3, 1. 

16. Angstrom, A., Measurement and registration of tlic 

outgoing effective temperature radiation. Arkiv f. 
Mathcmatik Astronomi och Fysik., 1929, 22B, 1. 

17. Dines, W. H., and Dines, L. H. G., Monthlj* mean 

values of radiation from various parts of tlie skj- 
at Benson, Oxfordshire. Mem. Roy. Meteorologi- 
cal Soc. (London), 1927, 2, 1. 

18. Angstrom, A., A study of radiation of the atmosphere 

based upon observations of the nocturnal radiation 
during expeditions to Algeria and to California. 
Smith. Misc. Call, 1915, 65, 1. 



SERUM IODINE OF EUTHYROID SUBJECTS TREATED WITH 

DESICCATED THYROID >■ = 


By DOUGLAS S. RIGGS, EVELYN B. MAN, akd ALEXANDER W. WINKLER 

{From the Laboratory of the Fairfield State Hospital, Newtoxvn, Connecticut, and the Departments 
of Fsychiatry and Internal Medicine, Yale University, School of Medicine, 
and the Nezo Haven Hospital and Dispensary, Nezv Haz'cn) 

(Received for publication March 19, 1945) 


The changes in serum ioditic and basal meta- 
bolic rate which occur when myxedematous pa- 
tients are treated with desiccated thyroid have 
been reported in the preceding paper ( 1 ) , Many 
euthyroid subjects differ from myxedematous pa- 
tients in their ability to tolerate comparatively 
large amounts of dried thyroid without manifest- 
ing significant signs or symptoms of hypermetabo- 
lism (2). In the present paper, the influence of 
thyroid feeding on serum iodine as well as on 
basal metabolism of euthyroid subjects is de- 
scribed, and the mechanism of euthyroid tolerance 
to large doses of desiccated thyroid is discussed. 

MATERIALS AND METHODS 

Data from 2 groups of patients are presented. 

The first group consisted of 4 female schizophrenic 
patients in the Fairfield State Hospital, who were chosen 
for their willingness to cooperate in an extended experi- 
mental study. None of the 4 showed any evidence of 
thyroid dysfunction, and all were in reasonably good 
physical condition. The medical and psychiatric status 
of each patient is summarized at the end of the paper. 

The basal metabolic rate of each patient was deter- 
mined once a week. Duplicate 8-minute tests were per- 
formed using the Sanborn Motor-Grafic metabolism appa- 
ratus. Patients were required to rest in bed for 1% 
hours before the test. The lower of the 2 rates deter- 
mined during each test period was used rather than the 
average of both readings. Basal metabolic rates of pa- 
tients Pa., Ve., and Vi. were usually quite satisfactorily 
measured, those of Wi. less accurately. Body weight, 
pulse rate, oral temperature, and blood pressure were 
measured under basal conditions. Concentrations of pre- 
cipitable iodine and of filtrable iodine in serum from 
venous blood were determined each week by methods 
previously described (3, 4). If the serum could not be 
precipitated at once it was placed in a securely-stoppered 

^ This investigation was aided by a grant from the 
Fluid Research Funds of the Yale University School of 
Medicine. 

- A preliminary report of this work has appeared in the 
Proceedings of the American Society for Clinical Investi- 
gation in the Journal of Clinical Investigation, 1944, 23, 
931. 


50 ml. Erlcnmcycr flask and stored in a quick-freezing 
chamber. When frozen sera were analyzed, great care 
was exercised to agitate the thawed scrum thoroughly 
before taking duplicates for analysis, because during freez- 
ing the scrum proteins arc concentrated at the bottom of 
the flask. The accuracy of serum iodine determination 
was about ± 0.5 gamtna per cent. Scrum total proteins 
were determined each week by the falling drop method of 
Barbour and Hamilton (5). Scrum total cholesterol and 
scrum titrated fatty acids were determined at monthly 
intervals by methods previously described (6, 7). Com- 
plete blood counts were done every 2 or 3 weeks through- 
out the course of the investigation. The first 5 weeks of 
the study of each patient constituted a control period. 
U.S.P. desiccated thyroid ♦ was then given daily in pow- 
dered form as a suspension in a small amount of water 
under the close supervision of a graduate nurse or of an 
experienced head attendant. The dose was increased step- 
wise at 4-wcek intervals from 3 to 6, 10, 15, and finally 
to 20 or 25 grains per day. The highest dose was main- 
tained for 6 to 8 weeks, and then abruptly discontinued. 
Thereafter the patients were followed until no further 
significant changes in scrum iodine or basal metabolic 
rate were observed. Minor individual \’ariations from 
the program outlined above appear in Figure 1. 

The second group consisted of 9 ambulatory patients 
followed for considerable periods of time in the metabolism 
clinic of the New Haven Hospital. The clinical status 
of each of these patients is described in the legend of 
Figure 2, Determinations of basal metabolic rate and 
serum total iodine were made at approximately montlily 
intervals. Barring unusual iodine intake, serum total 
iodine does not differ significantly from serum precipitable 
iodine. The dose of thyroid and the duration of treat- 
ment of each patient are indicated in Figure 2. Data con- 
cerning the metabolic response of 3 of these subjects to 
various doses of thyroid have already been published (2). 

RESULTS 

A. Fairfield State Hospital Patients 

The changes in basal metabolic rate, serum pre- 
cipitable iodine and other significant variables be- 
fore, during, and after administration of desic- 
cated thyroid to the 4 schizophrenic patients are 
depicted in Figure 1, In general the signs and 

*Parke-Davis Brand. 
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Fig. 2. Basal Metabolic Rate and Serum Iodine in Various Nonmy.xedematous Subjects Receiving Thy- 
roid Medication at Various Le\'els of Dosage for Extended Periods of Time 

In general, metabolic rate and serum iodine arc well correlated with one another but poorly correlated with the 
level of thyroid dosage. The differences in response to thyroid among various subjects should be noted. 

The reactions to thyroid medication of the basal metabolism alone of the 3 subjects on the extreme left (161S6, 
A13481, and A44014) have been described elsewhere and their case histories summarized there (2). 

J. R. and B. B. were normal subjects who had been receiving thyroid for some time prior to this study solely 
because of initially low basal metabolic rates. Case 16849 and D. L. were normal subjects with an initial slight 
depression of metabolism who were deliberately placed on increasing doses of thyroid. Case 20842 undenvent a 
subtotal thyroidectomy in 1942 which was followed by hypoparathyroidism and a low basal metabolic rate. At 
the time of the first observation by us (April, 1943), she had been on 3 grains of thyroid daily for some time, and 
was very nervous. Thyroid medication was first reduced to 1 grain a day and then omitted altogether. No clini- 
cal signs of thyroid deficiency ever developed. She was treated throughout with calcium and Hytakerol. Case 
B32017 represents a somewhat similar case followed from time of operation. Thyroid medication was given soon 
after operation because of definite symptoms of hypothyroidism. The dose was gradually raised to 5 grains daily, 
then stopped altogether. No symptoms of hypothyroidism developed, although both iodine and metabolism dropped. 


symptoms of the patients during the period of 
excessive thyroid medication were those of a mild 
to moderate degree of hyperthyroidism, without 
exophthalmos or palpable enlargement of the thy- 
roid gland. 

With thyroid medication, the metabolic rates 
rose somewhat, but were not consistently main- 
tained above + 15 per cent until the dose was in- 
creased to 10 grains per day or more. With fur- 
ther increase in dosage, metabolic rates frequently 
rose above + 30 per cent, but never exceeded 
+ 50 per cent. With discontinuance of thyroid 


treatment the metabolic rates fell rapidly at first. 
Subsequently, however, the fall was much less 
rapid, so that the decrease in basal metabolic rate 
approximated the logarithmic decay curve noted 
by previous observers (8, 9). 

The serum precipitable iodine values for tlie 4 
patients during the initial 5-week control period 
were well within normal limits. The serum iodine 
tended to rise following thyroid administration. 
As with the basal metabolic rate, however, frankly 
abnormal levels (above 8.0 gamma per cent) were 
not consistently maintained until a dose of 10 
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grains per day was reached. Further increases in 
thyroid dose occasioned further increases in serum 
precipitable iodine (10). When thyroid treat- 
ment was discontinued the serum precipitable 
iodine fell so abruptly that within a single week 
normal or subnormal values were attained. By 
the end of the third or fourth week without thy- 
roid, distinctly low values, comparable to those 
observed in untreated myxedema, were found. 
Thereafter the serum precipitable iodine ^ain in- 
creased until normal levels were attained by the 
fifth week after cessation of medication. 

■ The mean of 20 control determinations of serum 
filtrable iodine on the group of schizophrenic pa- 
tients was 0.4 gamma per cent. The tendency of 
the serum filtrable iodine to rise when large doses 
of desiccated thyroid were administered is de- 
picted in Figure 3. With cessation of treatment, 
the serum filtrable iodine rapidly reverted to a 
normal low level. 



C*ti**» «lUr TVyic'-fl 

I'lc. 3. Tnr ErrrcT or L.wcr. Dosrs or Dzskcatto 
TuvroiP os SrncM FiLTr.Ari.E Iocine is the Euthy- 
r.oin SciuroruREsic P.ativ.sts 

ILicli i>oinl rcprcfcnts the avcrai^c of all (lctcrmir.atioas 
for .1 i;ivcn juticnl on a pivaj Aoft of tliyroid. Tlic larger 
tlic (lose, tlic higiicr in general is tlic filtrable iolinc of 
serum. .Nftcr 2 to 5 ivcc'ks concentrations of filtrable 
i'xlinc bail rctv.meil to normal. 

l'n>!i) isiitinl nomta! mines tb.c scrum cholcs- 
lerol I'i Vi., Vc.. and Wi. id! during tlivro'.d treat- 
incnt. r.r. nUo I’..-.!! extremely bw temm cl’.alc-=- 
tern! v-alttc.' (htrit;:; ttc.itn.'.cnt lint nntertunaielv 


a cholesterol determination was not obtained dur- 
ing the control period. The greatest decrease 
was occasioned by the change from 0 to 3 grains 
per day, larger doses having comparatively mucli 
less effect. When thyroid administration was 
discontinued, the serum cholesterol concentration 
returned to normal. 

Serum total protein decreased in response to 
the administration of thyroid. When thyroid 
treatment was stopped the serum protein tended 
to rise slowly toward the original level. 

The influence of thyroid feeding on body weight 
in this group of patients was remarkably variable. 
Wi. lost weight during the whole period of medi- 
cation but had already been losing weight during 
the control period, Vi. maintained weight on 3 
and 6 grains daily but lost weight on larger doses. 
Pa. and Ve. showed no striking weight clianges 
during the entire period of thyroid treatment. 
With discontinuance of thyroid medication the 
body w’eight tended to rise. The increase was 
most striking in Ve, who gained 25 pounds in 6 
weeks, attaining a level considerably above her 
initial weight. None of the patients would admit 
any change in appetite during or following the 
period of thyroid feeding. 

The changes in heart rate roughly paralleled the 
changes in basal metabolic rate. On the average a change 
of 10 per cent in the metabolic rate was associated with 
a change of 5 beats per minute in the heart rate. During 
the period of thyroid feeding tlic pulse pressures of all 4 
patients rose considerably. For patients Vc. and Vi., tlic 
rise was due to a simultaneous increase in systolic and 
decrease in diastolic pressures. For patient P.a., tlic 
pulse pressure rise was due almost entirely to a marked 
increase in systolic pressure, the diastolic pressure sh.ow- 
ing no significant trend. The reverse w.n.s t.me for in- 
tient Wi. In general there was a fairly high degree of 
correlation between the pulse pressure and pulse rate. 
Such minor fluctuations in Iwdy temperature as occurred 
during the study appeared to 1 )C due to random variation 
and could not be corrckited svith b.as.-il mef-aMFe rate cr 
dose of ihsToid. Tlic average oral te-mporaturc under 
basal conditions for all readings cn all patient' v. a* very 
close to S^S.O’ F. Of 339 temperature readings only S 
fell outside the range of 97,0’ Ik to 99 . 0 ’ F. The eryt’)- 
roesde count and f:r:n''gl’'.'.’in of I’a. an ! Vc, sb,-,g, rd rvi 
significant variations during t';." courte ft t!.; ’.tuly. Tin- 
ether 2 patients de\el'' 7 «ed a slight an-n-ia d.irirg t‘ « 
r:>d cf thyreid feriinn. Wi 's hrm-nh.' -n I'r :r -n 

an as-rrare of 11.9 gras-s ’'~r K'j rr’ 0 t gra--; ri 
thsr^i! 7 <-r eh.>. to :n a-.srier r’ i ;-sa"v t'-r k'f rl 
«-n i; 'a 2 ?' rraim of thir;':! 7.00 dry. 7 h.e c :r'i 7 . 



726 


DOUGLAS S. KIGGS, KVICLYN IL MAN, AND ALEXANDER W. WINKLER 


change for Vi. was from 12.9 grams per 100 ml. lo 11.6 
grams per 100 ml. The reel cell count fell commcnsti- 
ratcly. Although the total leucocyte count of Wi.,mKlcr- 
went considerable fluctuation during the experimental 
period, no definite trend was evident. For the other 3 
patients a distinct drop in the total leukocyte count during 
thyroid medication occurred. Tlic lowest total white 
counts for Vc., Pa., and Vi. were 3,300, 4,300 and 4,700 
cells per cubic millimeter, respectively. This fall in total 
white count was due almost entirely to a decrease in the 
absolute number of neutrophils. Although there was a 
relative lymphocytosis, the absolute number of lympho- 
cytes was remarkably constant. After thyroid was stopped 
the hemogram tended to return to normal. 

B. Nezu Haven Hospital Patients 

Figure 2 illustrates the effects of suiallcr closes 
and smaller increments of dosage continued over 
longer periods of time than those used in the 
schizophrenic patients of Figure 1. Changes of 
serum iodine and of basal metabolism in 9 non- 
myxedematous patients on various levels of thy- 
roid medication are charted. In general the re- 
sults were quite similar to those shown in Figure 
1. Basal metabolism followed serum iodine, while 
both were poorly correlated with the dose of thy- 
roid in most subjects. Different subjects ex- 
hibited tolerance in vaiying degrees ; 16186 failed 
to respond to 3 graR^, but responded to 5 grains 
daily; A13481 tolerated 8 grains daily without 
significant change; 16849 tolerated only 2 grains 
daily and exhibited a distinct response to 3 grains. 
B32017 responded to 2 grains shortly after opera- 
tion, while still partially hypothyroid; later 3 
grains daily were tolerated but a sustained re- 
sponse followed a daily dosage of 5 grains. Fall 
of serum iodine to subnormal levels upon abrupt 
cessation of medication, followed by spontaneous 
recovery, is well illustrated in case 16186 (1942 
and 1943). Under comparable circumstances 
serum iodine also fell and recovered less dra- 
matically in case A13481, and fell in case A44014. 

DISCUSSION 

Except for exophthalmos and goiter, most fea- 
tures of naturally occurring Graves’ disease were 
reproduced by the oral administration of dried 
thyroid in large doses. Basal metabolism and 
serum precipitable iodine were elevated, while ' 
serum cholesterol was depressed. The responses 
of body weight, heart rate, and blood pressure were 


.similar to lho.se of .spontaneous hyperthyroidism. 
The changes in total leukocyte count and in the 
relative proi)nrtion of lymjihocytcs in Graves’ dis- 
ease were rei)roduccd by thymitl medication. 

The effect on the basal metabolism of do.scs of 
thyroid below 6 or 8 graitis per day was cxcccd- 
itigly capricious. For inslaticc, the metabolic rate 
of Vi. (Figure 1) ro.se markedly on 3 grains of 
thyroid daily but failed to change significantly 
when the dose was doubled. The rate of A 13481 
was unaltered by a gradual increase of thyroid to 
8 grains daily, while 16S49 responded to an incre- 
ment of dose as small as 1 grain daily. With in- 
crease of dosage above 10 grains daily the meta- 
bolic rate always rose somewhat above normal, 
but the relationship between dose and response 
was unpredictable and highly irregular. These 
obsen-ations confirm the experience of previous 
workers (2, 11, 12). 

In contrast to the poor correlation between 
thyroid dose and metabolic rate was tlic excellent 
correlation under most circumstances between 
serum precipitable iodine and metabolic rate. A 
stable serum iodine was regularly associated with 
failure of response of basal metabolism to thyroid 
medication (Figure 2). Whenever the metabolic 
rate increased significantly, there was a parallel 
increase in serum iodine. Each point in Figure 4 
represents 1 pair of values of those 2 variables 
derived from the 4 experiments of Figure 1. Val- 
ues after discontinuance of thyroid medication 
have been excluded. The distribution is cur\d- 
linear. Assuming the relationship to be logarith- 
mic, as indicated by the solid lines in the graph, 
the coefficients of correlation between the basal 
metabolic rate and the logarithm of the serum 
precipitable iodine were -f 0.93, + 0.92, -f- 0.88, 
and 4- 0.81 for Pa., Ve., Vi., and Wi., respec- 
tively. This high degree of correlation indicates 
a close functional relationship, but by no means 
proves that the relationship is actually a logar- 
ithmic one. Indeed, if the same logarithmic rela- 
tionship is assumed to extend below the normal 
range into the zone of values associated with hypo- 
thyroidism, the theoretical curve fails utterly to 
coincide with the observed values. 

With increasing thyroid dosage, there was al- 
most no lag of the rise in the basal metabolism 
behind that of the serum iodine. This is shown in 
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Fig. 4. Correlation between Serum PREariTABLE 
Iodine Basal Metabolic Rate in Four Euthyroid 
S cnizoPiiRE.vic Patients 

The points represent individual determinations of scrum 
prccipitablc iodine and corresponding values of basal meta- 
bolic rate. Values determined after thyroid was dis- 
continued arc omitted for reasons discussed in the text. 
The solid lines arc the regression curves obtained when 
basal metabolic rate is assumed to be a function of the 
logarithm of the scrum prccipitablc iodine. 

Figure 5, in which changes in serum iodine and 
in inclabolic rate of the 4 schizophrenic patients 
following an increase in thyroid dose have been 
plotted against time. The curves represent mean 
values for all doses. On the average, the serum 
iodine had almost attained its ma.\itnum level I 
week following a change in dose, while the basal 
metabolic rate required 2 weeks to reach its inoxi- 
mtmt level. This difference is of doubtful 
sigttificaucc. 

This apparent parallelism in Figure 5 mav con- 
cc.al a true l.ag in metabolic rc.sponsc behind in- 
crease itt scrum iodine concentration, since dos-tge 
was being progressively inrrc.ased. With ec.^SsTtion 
of thyroid dosage, ccrtainlv, scrum irvhr.e fell 
ntitch more .tlintpily th.-ut did ih.c lusai mctahnlic 
rate. In fact all correlation bciwccr, ike 2 vari- 


ables was lost during the few weeks just after 
abrupt withdrawal of medication. Had these 
points been included in Figure 4, the correlation 
between serum iodine and basal metabolic rate 
would have been considerably less exact. 
Whereas the serum precipitable iodine of Wi. and 
Ve. fell to a low point 3 weeks follouing with- 
drawal of thyroid, the basal metabolic rates did 
not reach their lowest post medication values for 
9 to 15 weeks (Figure 1). The serum iodine of 
Vi. dropped to a definitely subnormal A-alue by 
the first week after interruption of medication, 
while the simultaneous basal metabolic rate was 
still -f 15 per cent (Figure 1).- Decline of the 
serum iodine witliout comparable fall of the basal 
metabolic rate following sudden interruption of 
thyroid medication also appeared in cases 16186, 
A13481, and A44014 (Figure 2). A similar lag 
of the metabolic response belu'nd the serum iodine 
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concentration has been observed following thy- 
roidectomy (patient B32017, and Figure 2 of the 
preceding paper) and following discontinuance of 
thyroid medication in patients with myxedema 
( 1 ). 

Presumably the lag of metabolic response be- 
hind serum iodine means that the thyroid hor- 
mone tends .to disappear from the scrum before 
it disappears from the tissues. The subnormal 
values of the serum iodine developing immediately 
after discontinuance of thyroid medication sug- 
gest not only inhibition by the medication of 
nonnal activity of the thyroid gland, but also a 
distinct delay in resuming its usual full activity. 
Persistence of an excessive rate of destruction of 
thyroid hormone may be a contributor)' factor. 

Possible mechanisms of euthyroid tolerance to 
thyroid medication. In discussing possible rea- 
sons for the relative insensitivity of euthyroid 
subjects to desiccated thyroid, a group of workers 
(2) suggested that “the non-myxedematous sub- 
ject possesses the ability, wanting in patients with 
myxedema, to inactivate thyroid substance and 
intravenous thyroxine.” Perhaps it would have 
been more conservative to have suggested merely 
that this ability to inactivate thyroid hormone is 
very much greater in euthyroid subjects than in 
those with myxedema. The data of the present 
paper provide further support for this hypothesis, 
in that they disprove the existence of any de- 
creased sensitivity of the tissues of the euthyroid 
subject to the thyroid hormone. The metabolic 
rate rises at least as much, for a given rise in 
serum iodine, in euthyroid as in myxedematous 
subjects (Figure 6), Of course a much larger 
dose of thyroid is required to produce a gross 
rise of serum iodine in .the euthyroid subjects. 
The rise in the metabolic rate to supranormal 
levels in euthyroid subjects, induced by huge 
doses of desiccated thyroid was associated with a 
rise in serum iodine of about the same degree as 
that found in spontaneous hyperthyroidism of 
comparable severity. Whenever the metabolic 
rate was unaffected by thyroid medication, the 
serum iodine was also unchanged. It has been 
pointed out before (2) that impaired absorption 
of thyroid substance from the gastrointestinal 
tract by euthyroid subjects is an unsatisfactory 
explanation of tlieir greater tolerance, since they 


arc also comparatively insensitive to thyroxine 
administered parcnterally. Also difiiculty in ab- 
sorption is never seen cither in spontaneous or 
induced myxedema, so that it is highly improbable 
that euthyroid subjects without intestinal defects 
arc peculiar in their absorption of thyroid hor- 
mone. Some storage of the hormone in the thy- 



Averoge Increose in Serum Iodine 1-% 

Fig. 6. Relationship between the Increase of 
Serum Precipitable Iodine and of Basal Metabouc 
Rate of My.xedematous Patients and of Euthyroid 
Subjects Given Desiccated Thyroid 

The increase in basal metabolic rate above the average 
premedication level is plotted against the corresponding 
increase in serum precipitable iodine at various levels of 
thyroid dosage. The dose in grains per daj' is indicated 
by the figures on the curves. The curve for the patients 
with myxedema was calculated from data reported in the 
preceding paper (1). Data from the 2 groups of euthy- 
roid subjects reported here are plotted separately, the 
New Haven Hospital patients being indicated by short 
dashes, the Fairfield State Hospital patients by long 
dashes. Each point is the average for all patients in a 
given group on a given dose of thyroid. 

Note that the basal metabolic rate rises at least as 
much per unit increase in serum iodine in the euthyroid 
subjects as in those with myxedema, but that a much 
larger dose of thyroid is required. 
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roid gland as colloid is possible, but does not ex- 
plain the indefinite persistence of tolerance. En- 
largement of the thyroid gland was never noted 
even after weeks of administration of huge doses 
of thyroid substance to the schizophrenic subjects, 
although the gland would have had to increase by 
several hundred grams had even half the adminis- 
tered hormone been stored. Extensive temporary 
storage in the thyroid gland or elsewhere is also 
improbable because a low serum iodine develops 
during the period following cessation of medica- 
tion, and because subsequently there is never evi- 
dence of excessive release of stored hormone. 

Inhibition of hormone production by the thy- 
roid gland apparently did occur, but this factor 
only partially explains euthyroid tolerance to thy- 
roid medication. There is good experimental evi- 
dence that the administration of thyroid hormone 
to intact animals depresses the normal activity of 
the thyroid gland (13, 14). In the present study 
of human subjects, the fall in serum iodine to very 
low levels when thyroid medication was abruptly 
withdrawn probably resulted from inhibition of 
normal production of hormone by the tliyroid 
gland during the previous period of thyroid medi- 
cation. Normal production of the hormone is, 
horvever, equivalent to not more than 3 grains of 
desiccated thyroid per day (1), so that complete 
cessation of endogenous production of hormone 
would account only for tolerance to this small 
daily dose. Were this the^only mechanism con- 
cerned with the maintenance of tolerance, serum 
iodine and basal metabolism of all euthyroid sub- 
jects should respond to as mucii as 5 or 6 grains 
of thyroid daily. In point of fact, however, some 
normal subjects can tolerate as much as 8 grains 
daily without any significant alteration in scrum 
iodine or metabolic rate (Figure 2). 

A logical explanation of tolerance to amounts 
of desiccated thyroid in excess of 3 grains per 
day is that the normal thyroid gland can inactiwitc 
the exogenous honnonc. This it might do bv dc- 
grading active hormonal iodine to inorganic 
ioilinc', by a reversal of the rc.actions wliidi, under 
nonnal circumstances, lead to the formation of 
Imnnonc from inorganic iodine. Tiie significant 
rise in the inorganic fihrahle fraction rf tlic sennn 
iodine during nn^'-ive tliyroid freeing (Figures 1 
.and 3) wculd lend fnrpcrt to th.is l-.ww.h.csis. It 


is not certain that all the inactivation takes place 
in the thyroid gland. Any large measure of in- 
activation anywhere else, however, would imply 
a fundamental difference between the tissues of 
euthyroids and the tissues of mj-xedematous pa- 
tients with respect to their ability' to dispose of 
thyroid hormone, since the only known difference 
between adequately-treated my'xedematous pa- 
tients and euthyroid subjects is the presence of 
functional thyroid tissue in the latter. 

There is suggestive evidence that tolerance to 
desiccated tliyroid may require considerable time 
for full development. Many euthyroid patients 
experience a sharp rise in metabolic rate for a 
few weeks subsequent to an increase in thyroid 
dose, but if the dose is maintained for a longer 
period of time the metabolic rate tends to drift 
downward towards its original level (2). Any 
latency in the development of tolerance in the vari- 
ous patients described in this paper would be par- 
tially masked by the gradual step-wise manner in 
which the dose was increased. Three of the 4 
schizophrenic patients, while on the liigliest dose 
of thyToid for 6 to 8 weeks, showed no cicar-cut 
evidence of a decreasing response. Howci'cr, for 
2 of the patients there was some suggestion of a 
partial loss of tolerance during a lapse in thyroid 
treatment. Pa. had been started on IS grains of 
thyroid per day, but after 1 week at this level the 
dosage was markedly reduced. Due to a confu- 
sion in orders, during tlie next 2 weeks she re- 
ceived irregularly an unknown, but probably small 
amount of thyroid. With resumption of a regular 
dose of 15 grains per day, both serum prccipitablc 
iodine and basal metabolic rate rose to levels much 
higher than would have been expected from this 
patient’s previous responses. Similarly, when pa- 
tient Wi. was replaced on a dose of 20 grains per 
day after a lapse of 2 \'^ weeks, the scrum irKlinc 
and metabolic rate both rose to a higher point 
than during the previous weeks on the .^amc dose. 
These observations indicate th.c necyi for further 
investigation o: th.c lime ncccss.ary for the dcvcl- 
opntent of tolerance. 

The tolerance of non-niyxe'len'.atntin jr.tients 
to tliyroid med:cat:<^n prolcklv ncconr.;? for the 
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suit from long continued administration of thyroid 
substance to euthyroid subjects is not known. 
Our experiments have demonstrated only func- 
tional depression of the thyroid gland, while thy- 
roid is being given and for a brief period after its 
withdrawal. This fact alone, however, suggests 
that long continuance of thyroid medication may 
not be wholly benign. On a priori grounds, cau- 
tion is certainly indicated, especially in the con- 
tinuous administration of thyroid to adolescents 
and to patients recovering from subtotal thyroid- 
ectomy. ■ 

SUMMARY AND CONCLUSIONS 

1. Many euthyroid subjects are able to tolerate 
considerable amounts of desiccated thyroid with- 
out significant alteration in either serum precipi- 
table iodine or basal metabolic rate. 

2. The administration of larger quantities of 
dried thyroid to euthyroid subjects produces ab- 
normal elevation of both serum iodine and basal 
metabolic rate and elicits most of the signs and 
symptoms of spontaneous hyperthyrodisni, but 
the dose of thyroid required is usually much 
greater than is needed to produce an equivalent 
degree of hyperthyroidism in myxedematous 
patients. 

3. When the administration of desiccated thy- 
roid to euthyroid subjects is abruptly discontinued, 
the serum precipitable' iodine frequently falls to 
abnormally low levels, probably indicating tempo- 
rary inhibition of hormone production by the nor- 
mal thyroid gland during, and for a brief period 
following, thyroid feeding. 

4. Rapid and transient changes in serum pre- 
cipitable iodine may occur without comparable 
fluctuations in basal metabolic rate. When altera- 
tions in the level of serum precipitable iodine are 
slow'er and more sustained, the lag in metabolic 
response is not as evident, and there is a high 
degree of correlation between the 2 variables. 

5. The tissues of euthyroid subjects are at least 
as sensitive to thyroid hormone as are those of 
myxedematous subjects. 

6. Degradation of active hormonal iodine to 
inorganic iodine by the normal thyroid gland is 
suggested as the most likely explanation of the 
tolerance of euthyroid subjects to amounts of 
desiccated thyroid in excess of 3 grains per day. 


BROTOCOLS 

Vc. was a 33'ycar-olcl wliitc female witli schizophrenia, 
paranoid type, of at least 2 years' duration. Although 
correctly oriented and in good contact with her surround- 
ings, she believed herself persecuted by creatures half 
man and half beast. She was liighly co-operative. Her 
mental .symptoms were uninfluenced by thyroid medica- 
tion. She was tall and thin witliout significant physical 
abnormalities except for vasomotor instability character- 
ized by marked flushing of the skin of face, neck, and 
arms. Blood pressure was 100/60. On 6 grains of thy- 
roid daily the vasomotor instability increased, and the 
patient fainted on 2 occasions. There was a slight tremor 
of the extended fingers. When larger amounts of thy- 
roid were administered, the tremor became more pro- 
nounced and the vasomotor instability was further accen- 
tuated. The skin was warm and moist. Tiie patient 
complained of fatigue and a ‘“draggy” feeling. When 
thyroid was discontinued the tremor disappeared, the skin 
became drier, and the vasomotor instability decreased. 
Coincident with a marked gain in body weight, the p.atient 
became somewhat lethargic, but she never developed any 
signs or symptoms of miTcedema. 

Vi. was a 23-ycar-old white female with a 3-year his- 
tory of schizophrenia, hebephrenic type. Before thyroid 
was administered she was extremely lethargic, withdrawn, 
and almost mute. She was hallucinated and grinned in- 
appropriately. She was usually quite cooperative. Dur- 
ing treatment with desiccated thyroid, the patient became 
more talkative and much less lethargic, assisting with 
ward work and taking long outdoor walks. WitJi cessa- 
tion of thyroid medication she reverted to her previous 
mute and disinterested condition. While this improvement 
in energy output may have been related to the induced 
hyperthyroidism, it should be noted that the patient had 
previously experienced similar, but apparently spontane- 
ous, remissions. On physical examination prior to thy- 
roid administration the patient was well developed and 
slightly obese with acne of the face and hirsutism of the 
face, back, and extremities. Blood pressure was 114/65. 
In response to thyroid, she developed tachycardia and a 
moist, warm skin with increased perspiration, but there 
was no definite tremor of the outstretched fingers. On 
25 grains of thyroid daily, she complained of fatigue, and 
slight dyspnea on exertion. Observations during the post- 
medication period were interrupted when the patient was 
transferred to another hospital 5 weeks after thyroid 
feeding was stopped. 

Wi. was a S4-year-old white female who had been hos- 
pitalized for 14 years because of schizophrenia, paranoid 
type, characterized by fixed delusions of grandeur. Al- 
though much deteriorated mentally, she was cooperative 
enough to serve as a subject in the present study. Her 
psychosis was unaffected by thyroid medication. The 
only abnormality found on physical examination prior to 
the administration of desiccated thyroid was slight nar- 
rowing, irregularity, and increased tortuosity of the retinal 
arteries. Blood pressure was 120/75. An x-ray of the 
chest was negative. On 6 grains of thyroid daily, the pa- 
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tient felt somewhat weak, and on 1 occasion had a faint- 
ing spell, with marked pallor of the face, and imperceptible 
pulse, hut without loss of consciousness. On larger 
amounts of thyroid, a slight tremor of the extended fin- 
gers was noted, and on a few occasions there was transi; 
ent ankle edema. After 7 weeks on 20 grains of thyroid 
daily the patient developed a fever of 102° F. The total 
leukocyte count was 11,200 with 73 per cent neutrophils. 
The pulse was 130 per minute. Except for a red and 
swollen but non-tender area at the base of 1 finger nail, 
there was no evidence of infection. Thyroid was , dis- 
continued. Despite the administration of sulfadiazine, the 
temperature continued to be somewhat elevated during the 
next 4 days. A chest x-ray showed left ventricular hyper- 
trophy, but was negative for peripheral lung pathology. 
The only subjective complaint was stiffness and soreness 
of the shoulders, which persisted for some time after the 
fever had subsided. Although the cause of the hyper- 
pyrexia was not clear, it was probably not due to the 
thyroid medication, since the same dose was later resumed 
for 2 weeks without untoward consequences. 

Pa, was a 23-ycar-old white female who developed 
symptoms of schizophrenia, type undetermined, 3 years 
prior to admission. She was lethargic with brief periods 
of manic excitement, and claimed that she was infested by 
“bristle beetles.” She was well oriented and quite co- 
operative, but resented hospitalization and made several 
attempts to escape. While thyroid was being adminis- 
tered, her comments and thinking appeared more co- 
herent; this was tliought to be only a temporary im- 
provement unrelated to the thyroid medication. Physi- 
cally she was well developed but thin and pale. Blood 
pressure was 100/60. Even on IS grains of thyroid daily, 
tachycardia was the only physical sign of hyperthyroid- 
ism. Unfortunately the patient escaped from the hos- 
pital before the experimental program was completed. 
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Many investigations have established tlic value 
of serum iodine concentration as a quantitative 
index of thyroid activity (1 to 7). Most previous 
reports have been concerned primarily with the 
increase in serum iodine which occurs in hyper- 
thyroidism. The present study deals with the de- 
crease in serum iodine characteristic of untreated 
hypothyroidism, and with the effect of thyroid 
therapy on the level of serum iodine of hypothy- 
roid patients. 

MATERIAL 

Data are presented on 29 patients with spontaneous 
hypothyroidism and 1 patient (848S3) with hypothyroid- 
ism following total thyroidectomy. Most of the patients 
were ambulatory. The majority have been studied in the 
Metabolism Clinic of the New Haven Hospital, many of 
them having been followed there for a period of several 
years. Two patients (F.S.H. 4774 and F.S.H. 4924) 
were observed at the Fairfield State Hospital. The re- 
mainder were private patients. In order to keep the 
group as homogeneous as possible, no patients have been 
included in whom the diagnosis of hypothyroidism was 
questionable or who developed hypothyroidism following 
subtotal thyroidectomy. In most of the patients included 
here the diagnosis of hypothyroidism was confirmed by 
striking improvement in signs and symptoms after a few 
weeks of thyroid therapy. In the few patients who re- 
mained untreated, or who were inadequately treated, the 
diagnosis rested on the presence of the clinical manifesta- 
tions of hypothyroidism. Most of the patients did not 
present the extreme clinical picture usually described as 
typical of full-blown, classical myxedema. For example, 
generalized non-pitting edema was extremely rare. While 
most patients at some time during the course of their 
disease did exhibit some puffiness of the face, in a few 
even this slight degree of edema was never observed. 
It is reasonable to suppose, therefore, that many , of the 
patients probably had small remnants of functional thy- 

^ This investigation was aided by a grant from the 
Fluid Research Funds of the Yale University School of 
Medicine. 

- A preliminary report of this work has appeared in the 
Proceedings of the American Society for Clinical Investi- 
gation in the Journal of Clinical Investigation, 1944, 23, 
931. 


roid tissue which prevented them from developing full- 
blown myxedema. The left portion of Table I sum- 
marizes the clinical findings in these patients when the 
sign and symptoms of hyiiolhyroidism were most out- 
spoken. In certain patients thyroid therapy was stopped 
in order to confirm the need for its administration; such 
a procedure is indicated in the column “Days oft Thy- 
roid.” It should be emphasized that the heart rates and 
basal metabolic rates recorded under the heading “Maxi- 
mal Signs and Symptoms" arc the lowest observed while 
the patient was receiving no thyroid. Since the basal 
metabolism could only be determined once or twice be- 
fore thyroid therapy was begun, it is not certain that a 
completely “basal” level was always obtained. The av- 
erage heart rates and basal metabolic rates off thyroid 
medication would tend to be somewhat higher. 

Serum cholesterol and scrum iodine from blood of pa- 
tients in the post-absorptive state were determined by 
methods previously described (2, 8, 9, 10). The ma- 
jority of iodine determinations were done on serum. 
Some figures, however, represent protein bound iodine 
as determined on scrum proteins precipitated with zinc 
sulfate and sodium hydroxide (serum precipitable iodine) 
(2). Such values have been marked in the tables by the 
superscript P. Provided there has been no unusual in- 
take of iodine, values for serum iodine and for serum 
precipitable iodine do not differ significantly. A few fig- 
ures for serum iodine, indicated by the superscript P in 
the tables have been calculated from determinations of 
whole blood iodine by assuming that the cells contained 
no iodine and that the relative cell volume was 40 per 
cent (11). Barring unusual iodine intake, these assump- 
tions are reasonably accurate, and tlie calculated values 
are comparable to values for serum iodine directly de- 
termined. 

Since the amount of iodine in the serum of myxede- 
matous patients is exceedingly small, some discussion of 
the accuracy of serum iodine determinations is necessary 
if the results are to be evaluated correctly. When dupli- 
cate 6 ml. aliquots of serum have been analyzed, the 
duplicates have usually checked within O.S gamma per 
cent. If the duplicates differed by more than 0.9 gamma 
per cent, the analysis was considered unsatisfactory and, 
if possible, was repeated. It is evident that if the con- 
centration of serum iodine is below normal the possible 
analytical error represents a large proportion of the de- 
termined value. Hence, small differences in the results 
of determinations on the same patient at different times 
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are of no significance, unless such differences are found 
consistently and repeatedly. 

The basal metabolic rates were determined with the 
Benedict-Roth apparatus under the standard conditions 
described by Benedict, DuBois and others. 

RESULTS 

Serum iodine in untreated hypothyroidism. 
Serum iodine was determined in 26 of the patients 
before therapy with desiccated thyroid was begun, 
or after a lapse in treatment of at least 23 days’ 
duration. With 1 exception (25270) all of the 
figures were well below the extreme normal 
range of 3.0 to 9.0 gamma per cent.® Omitting 
this exception, the arithmetical mean was 1.3 
gamma per cent, the range being from 0.2 to 2.5 
gamma per cent. With the single exception 
noted above (25270) the basal metabolic rates 
were below — 15 per cent when the serum iodine 
was determined (Table I). In 6 of the patients, 
however, the metabolism was but slightly sub- 
standard, from — 16 to — 19 per cent. This ap- 
parent discrepancy between the level of circulat- 
ing thyroid hormone and the metabolic rate will 
be discussed below. 

Scrum iodine in hypothyroid patients adequately 
treated with desiccated thyroid. Nineteen of the 
patients were studied while taking an amount of 
desiccated thyroid sufficient to maintain them in 
what appeared clinically to be normal thyroid 
status (Table I). The maintenance dose require- 
ment varied from 1 to 3 grains per day, and was 
most commonly N/k or 2 grains per day. Under 
adequate treatment the scrum iodine rose to nor- 
mal, ranging from 3.0 to 6.7 gamma per cent and 
averaging 4.S gamma per cent. In most of the 
patients the basal metabolic rate was also within 
normal limits at the time of the scrum iodine de- 
termination. 

The relationship between thyroid dose end 
serum iodine. Table II presents data on the 
scrum iodine of all patients who were studied on 
at least 2 levels of medication. In a few cases it 
was possible to vary the dose expcrimcjitnliy in 
order to study the effect on scrunt iotlinc. In 

’ .-ttltsoerli tnro;' r.orir.at rcn:m i-v'l-- %-nlur 5 fs’l v. hhi.a 
tV.c r3e,-c cf -to to ?0 fsrr.n-.a ptr cent. •'>rr!c patirr.'K 
witliout clir.kil t\’;rT;cc r>? ti-.yr. ii ibT-t'c hvve irwru 
inline !o-.v oO ct po 

prr cc:;’. (!'). 


TABLE n 


Serum iodine in hypothyroid subjects siahilixd on 
various doses of U.S.P. thyroid 


Unit 

no* 

Concentration of iodine in scrum of 
hiTWlbiToid patients*^ ^ 

Averace* 
increase in 
scrum iodine 
per grain 
of thjToid 

Grains of U.S.P. thjToid per day 

i 0 

1.0 

! 1.5 

2.0 

3.0 


! gamma 

j gamma 

i gamma 

gamma 

gamma 

gamma 


1 prr 

( 

i per 

1 per 

Per 

per 


1 unt 

1 cent 

1 cent 

1 cen t 

cent 

cent 

A44182 

2.SB 

1 

I 5.5= 

6.8 


2.2 

A38316 

1.2B 

2.9= 

4.0 

5.4= 


2.1 

B25203 

0.6 

4.2= 


6.7’ 


3.0 

20800 

0.8 

4.0= 


4.1 


1.6 

A2392S 

2.0 

4.2= 

5.2= 

7.8 


2.9 

88453 

0.4P 

2.9 

1 

3.7= 


1.6 

A49144 

1.2B 


4.7= 

3.7B 


1.2 

84883** 

0.65P 

3.4P 


4.9P 

6.VP 

1.8 

25270 

4.3B 



5.3= 


(0.5) 

A94667 

2.5> 

5.4= 

5.3= 



1.9 

B1S259 

2.1 


5.7 



2.4 

43024 

0.2 



5.4= 

6.9‘ 

2.2 

B10228 

0.8 



4.7= 


2.0 

A62475 

2.1 

4.0 




1,9 

B57173 

0.6P 



3.8P 


1.6 

B34400 1 

0.5 

2.0* 





B12566 1 

1.6 



4.3’« 



29347 


(6.5) 


4.1= 

3.5 


P-1 




3.7= 



A58944 


3.6= 


4.0 

6.1»«< 


A52821 


3.0= 






Average (omitting 25270) 

2.0*0.13 


Superscripts indicate number of determinations aver- 
aged. 

* Calculated from minimum and maximum values. 

_** Determinations omitted in which dose vus not sta- 
bilized for 2 weeks, except when othcnvisc indicated. 

B Calculated from whole blood analyses. 

P Prccipitablc iodine. 

* On one grain only 7 days. 

^ On two grains only 8 days. 

Value of 2.1 while on 3 grains omitted. 

( ) Indicates doubtful xulue. 


Other patients the dose was changed from time to 
lime as the clinical status of the patient demanded. 

In 15 of the patients it has been jwssiblc to 
study the change in scrum iodine as the dosage 
\-aricd between 0 and one or more definite levels of 
thyroid dosage, each level of dosage b.aviug been 
maintained for at least 2 weeks jirior to the icvline 
determination. For these jsatients values for the 
average increase in sermn iodine j-cr grain r.f 
thyroid have l>ccn calculated over the nta.'dTr.unj 
range, from .-Tc.ro grai.uf Vi !’:e 'nw'r.r--: <!■.>. hve], 
neglecting anv irUvcmtediate figure- ('TaM'- Hi 
Ti'.e li'.crcr.'e in. serr::;'. i' dine j<r grr.:.'; ^ f t’n, r 
in bA-j'-thyre id p-.v.ie:-,;- v.a' rcruark.'.l Iv c u-t.-r-.t 
Tire r.ritr.rr.rttcr.! tnaar. v.a- 20 g:.::,::::; c-:;* 
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per grain of thyroid with a standard deviation of 
±; 0.5 gamma per cent and a standard error of the 
mean of ±; 0,13 gamma per cent.' One value of 
0.5 gamma per cent (patient 25270) lias been 
omitted from the average for reasons to be dis- 
cussed presently. 



Thyroid Dose Groins per Day 
Fig. 1. Average Serum Iodine Concentrations in the 
8 Patients of Table II 

These patients were at one time or another maintained 
without thyroid, on a dosage of 2 grains daily and on at 
least 1 intermediate dosage. The data from the other 4 
patients of Table II who were maintained on three levels 
of dosage (A94667, 43024, 29347, and A58944) are 
omitted since the lack of data at one or another of these 
3 levels necessitated their exclusion in the calculation of 
the average. 


* Standard deviation = s = 

V A- 1 

Standard error of the mean — Sx ~ — == 

Va 


The first 8 patients of Table II were studied 
while on 0 grains daily, 2 grains daily, and at 
least 1 intermediate do.se of thyroid. In Figure 
1, the scrum iodine values for lhc.se patients have 
been plotted against the daily dose of thyroid. 
While there is considerable individual variation, 
the upward trend of serum iodine as the dose was 
increased is apparent. The solid line is drawn 
through the average values at 0, 1, and 2 
grains. Not all patients were studied both on 1 
grain and on V /2 grains of thyroid daily. In av- 
eraging the scrum iodine values for these levels, 
therefore, it was necessary to calculate some fig- 
ures by interpolation. The inclusion of these 
calculated figures necessarily tends to make the 
average curve artificially linear. Despite this 
slight bias, and despite tbe somewhat steeper slope 
of the average line from 0 to 1 grain per day than 
from 1 to 2 grains per day, the distribution of 
points suggests that the average curve cannot be 
reliably distinguished from a straight line. 

Scntvi cholesterol values before and during 
treatment. Scrum cholesterol was determined in 
27 of these patients at a time when no thyroid was 
being administered (Table I). Twenty exhibited 
the hypercholesterolemia characteristic of hypo- 
thyroidism (13), the values ranging from 290 to 
911 milligrams per cent. Of the 7 remaining pa- 
tients with cholesterol levels below 265 milligrams 
per cent, 1 (P-1) had been off thyroid for only 11 
days. There remain 6 patients with low or nor- 
mal serum cholesterol values, the significance of 
which will be discussed later. 

Serum cholesterol determinations were repeated 
in 13 of the patients after adequate treatment with 
desiccated thyroid had been instituted (Table I). 
Without exception, the hypercholesterolemia was 
abolished, the final values falling well within the 
normal range of 123 to 265 milligrams per cent 
(14). 

DISCUSSION 

Most of the early workers on blood iodine 
levels in hypothyroidism employed inadequate 
analytical techniques and their results are not con- 
sidered here. Since the advent of more reliable 
methods for iodine estimation, a few reports of 
serum iodine in untreated hypothyroidism have 
appeared (Table III), but none of these have in- 
cluded any discussion of the effects of thyroid 
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TABLE in 

Published Tolues on serum iodine in hypolhyroidism 



Num- 

ber 

of 

cases 

Serum iodine 

Normal 

range 

Comment 

Investigator 

Maai- 

mum 

Mini- 

mum 


Turner, DeLamater and 

Province (15) 

5 

gamma 

i^cr 

arJ 

1 

gamma 

i>CT 

cent 

1.5 

per 

cent 

5.8 

1 6.7 to 16.7 

1 

Calculated from v.'hole blood 

Riggs, Gildea, Man and 

Peters (1) 

B 

2.8 

0.5 

B 

4.0 to 7.0 

Calculated front whole blood 

Salter, Bassett and 

Sappington (4) 

1 

20 ! 

3.9 

0.8 

! 

2.5 

4.0 to 8.0 * 

Serum predpitablc iodine 

Talbot, Butler, Saltzman and 
Rodriguez (d) 

1 



3.8 

6.0 to 8.4 

Serum prccipitable iodine — ^adults 

4 

3.0 

1.8 

2.3 

4.0 to 7.0 

Scrum predpitablc iodine — children 

Present series 

30 

4.3 

0.2 

1.3* 

3.0 to 9.0 



* Value of 4,3 excluded from mean. This omission is discussed in the text. 


therapy on the level of serum iodine. With the 
exception of Turner and co-workers (15), all of 
these investigators have found that serum iodine 
values in untreated hypothyroidism are uniformly 
subnormal. This conclusion is abundantly con- 
firmed by the series reported here (Table I). The 
1 exception (25270) was a patient who had been 
on thyroid for 17 years and whose treatment was 
allowed to lapse in order to confirm the original 
diagnosis of hypothyroidism. After nearly 2 
months without th)’roid the patient experienced 
such a marked exacerbation of her symptoms as 
to necessitate resumption of therapy. At this 
time, however, the laborator}- data were not in 
good accord with the clinical picture, Tlic basal 
metabolic rate was only — 14 per cent. The 
bound magnesium was 21 per cent of the scrum 
total magnesium, well within normal limits (16). 
There was a slight hypercholesterolemia. In 
view of thc.'c findings it seems possible that the 
patient, fully aware of the efficacy of tiiyroid, may 
have resumed treatment herself a few days before 
her visit to the clinic. This would explain the 
normal iodine of 4.3 gamma per cent. An alterna- 
tive cxplanatio!) might he cont.amiuation of the 
Mood s.amplc with adventitious iodine Inrforc or 
during analysis, since the determination was not on 
tl'.c prcci]i!la{ed iiroicins. In .anv cvettt, tliis single 
cxccjition dov.c not .‘^crionsly claalicngc tltc con- 
clusion tl'.at in nntrc.atcd lu-jv^th.vroidi^m, sepuni 


iodine is characteristically subnormal, just as it is 
characteristically above normal in hyperthyroid- 
ism. Failure to find a low serum iodine in a pa- 
tient suspected of having hypothyroidism strongly 
suggests that the patient’s symptoms are not due 
to thyroid deficiency. 

It should be emphasized that a single subnor- 
mal serum iodine value is not diagnostic of hypo- 
thyroidism. Equally small concentrations of 
iodine have been found in the blood of euthyroid 
subjects who have recently stopped taking large 
amounts of desiccated thyroid (17), and of hyper- 
thyroid patients following subtotal thyroidectoms- 
(12). By itself, tiicrcforc, a low scrum iodine 
simpU- indicates undcrsccrction by llie thyroid 
gland when the blood sample was collected, ami 
it must be interpreted in the light of the patient's 
symptoms and previous hisior}'. 

It has already been suggested tb.at few of (?:c 
patients reponed here v.crc completely devoid of 
functional thyroid tissue. However in I jj.atsent 
(S4S.53) knov. ji to h.avc bad .a toj.-i] tniToidcctorny, 
scrum iodine v.alues not signinr.anrly cre.ater tiiarj 
0 were observed, Fi!rt};e,"m>rr. irvrmr.i-r.t o; l:v- 
pertbyroid pciticnts with. tb.;o"rr,c;] or thi'.urj a in 
amounts sumcicn; to <cca-ion sympo rn. . ; hvpo- 
tliyroidistn may lov.f.- the r. •n.-fm.'r.;;' o; /-r:::: 
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virtual absence of circulating thyroid hormone, 
and grave doubt is cast on the existence in man 
of significant cxtrathyroidal manufacture of thy- 
roid hormone. Of 17 patients in the present sc- 
ries who had been untreated for 1 year or more, 9 
had serum iodine concentrations above 1.0 gannna 
per cent, i.c., significantly greater than 0. The 
appearance of symptoms of hypothyroidism, there- 
fore, does not necessarily imply complete absence 
of thyroid function. 

The rise in serum iodine to normal levels when 
hypothyroid patients were treated witli adequate 
doses of desiccated thyroid is in accordance with 
the well-established fact that relatively small daily 
doses of thjToid are sufficient to maintain sub- 
jects without thyroid tissue in normal thyroid 
balance. It also agrees with the h 3 'pothesis that, 
barring unusual sources of exogenous iodine, 
serum iodine is a reliable measure of the concen- 
tration of circulating thyroid hormone. More- 
over, since the serum iodine levels in adequately- 
treated patients with hypothyroidism are no higher 
than in euthyroid individuals, the circulating hor- 
mone derived from substitution therapy with des- 
iccated thyroid must be quantitatively as effective 
as the hormone produced by the normally active 
thyroid gland. It seems legitimate to conclude 
that the maintenance dose of thyroid required b}' 
any patient with hypothyroidism is that amount 
which will restore the serum iodine to normal. 

The effect on serum iodine of administration of 
various amounts of desiccated thyroid has already 
been noted (Table II and Figure 1). Since the 
figures for increase in serum iodine per grain of 
desiccated thyroid were calculated from the dif- 
ference between 2 iodine values, they were subject 
to twice the possible error of a single determina- 
tion. In view of the large possible analytical 
error, the constancy of the increase in serum iodine 
per grain of desiccated thyroid is particularly re- 
markable. In obtaining the average value of 2.0 
gamma per cent of iodine per grain of thyroid, 
the data on patient 25270 were omitted. As stated 
previously, there was reason to doubt the normal 
value obtained on this patient when she was sup- 
.posedly receiving no thyroid. 

The amount of hormone supplied by the nor- 
mally-functioning thyroid gland has usually been 
considered as equivalent to the maintenance dose 
of desiccated thyroid for hypothyroid patients. 


Tlii.s hypofhc.sis involves 3 as.sumptions: that all 
the dried thyroid is absorbed from tlic alimentary 
tract; that it is quantitatively as effective as the 
natural hormone; and lastly, that the hypothyroid 
patient’s own gland contributes no hormone. Al- 
though complete intestinal absorption has not been 
proved directly, it is strongl)' suggested b}' the 
fact that in tlic treatment of human hypothyroid- 
ism, desiccated tlwroid is even more effective than 
intravenous tliyroxinc in iodoequivalent amounts 
(19). The validity of the second assumption has 
already been di.scusscd. The third assumption is 
not ahva^'s justified since a patient with out- 
spoken clinical hyi)othyroidism may have a serum 
iodine concentration of 1.0 to 2.0 gamma per cent. 
However, since each grain of dried thyroid causes 
an increase in scrum iodine averaging 2.0 gamma 
per cent, even in the complete absence of endog- 
enous hormone production, 3 grains of desic- 
cated thyroid per day should result in a final 
scrum iodine concentration of about 6.0 gamma 
per cent, a value close to the average normal level. 
The production of hormone b}' the normal thy- 
roid gland 'may therefore be regarded as approxi- 
mately equivalent, in terms of iodine content, to 3 
grains of U.S.P. desiccated thyroid. 

If each additional grain of thyroid administered 
to a hypothyroid subject causes a rise in serum 
iodine of about 2.0 gamma per cent, it is eas}" to 
understand why such patients are unable to toler- 
ate more than 3 grains of th 3 ''roid dail 3 ’’ without 
developing definite symptoms of th 3 Toid excess 
such as nervousness, tremor, and tach 3 Tardia. If 
the initial serum iodine of tltyroid were 1.3 
gamma per cent (the average for this series of 
patients), and 4 grains of thyroid per day were 
administered, the serum iodine would presumably 
rise to about 9.3 gamma per cent, a value dis- 
tinctly above the normal range. This calculation 
involves the unproven assumption that the linear 
relationship between dose and serum iodine would 
hold for doses greater than 2 grains per day. 
Nevertheless, the result of the calculation agrees 
with clinical observation that slight over-doses of 
thyroid are prone to induce high serum iodine 
levels and unpleasant symptoms of h 3 ^perth 3 ’-roid- 
ism in previously hypothyroid subjects. 

The average relationship between serum iodine 
and basal metabolic rate may be roughly evaluated. 
The effect of varying thyroid dose on the basal 
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Days 


Fig. 2. Chances in Basal Metabolic Rate, Serum Precipitaele Iodine and Serum Cholesterol in a 
Hyperthyroid Patient Subjected to Total Thyroidectomy 
The elevated initial basal mctabolisTn and scrum iodine confirmed the diagnosis of moderately severe hyperthy- 
roidism. Forty days after operation tlie scrum iodine had already fallen to 1.0 gamma per cent, yet the meta- 
bolic rate was still + 3 per cent. Thirty-eight days later the serum iodine was 0.5 gamma per cent — scarcely dis- 
tinguishable from 0, while the patient was c-Nhibiting signs and symptoms of hypothyroidism. Kcvcrthclcss 
the basal metabolic rate at this time had only decreased slightly, to — 11 per cent Following a brief course of 
thyroid therapy, the patient failed to return to the clinic for almost 3 months, during which time she took little 
or no tliyroid. When seen again 6 months following operation the scrum iodine was 0.8 gamma per cent and 
the scrum cholesterol almost dOO mgm. per cent. Symptoms of hypothyroidism were outspoken. Unfortu- 
nately a determination of basal mctaljolic rate was not done until 3 days after treatment wltb thyroid u-as 
begun, at wbicb time it was — 19 per cent. The changes following the institution of therapy appear in the fig- 
ure. Note the changes in the time-scale. 


iHctaliolic rate in hypothyroidism was analyzed and 
these workers (20) concluded that, for the range 
of 0 to 2 grains daily, llic true dose-response 
curve was probably much closer to a straight 
hue tliau to the curvilinear relationship sug- 
gc.stcd by other investigators (21). The former 
found that the basal metabolism incrcasc.s alwut 
12 to 16 per cent per grain of desiccated thyroid. 
Ccimp.nn'son witli the slope of the average line of 
I'igurc 1 yields a value for the incrc.asc in basal 
metabolic rate <'f 6 or S per cent I'cr gamma per 
cent incrc.asc in serum iodine. Tl;e relationship 


holds onlj' for values obtained alter a given dos- 
age had been maintained for several weeks with- 
out change. The inclaliolic rate rcsjwnds much 
more slowly to alterations in thyroid stalu.s th.ari 
docs the scrum iodine. In su]>j'S)rt td this .’■■tnlc- 
ment. Figure 2 presents in detail tl’.e lab-irator\- 
data on a hj’perthyroid p-aiicnt v.hn dcvfIoj<-d 
In-pothyroidi-^m following lig.al thvr<-;'lect'' ;nv. 3; 
is cipprifcui lUtit tn this tl'c iti ''‘■nvn 

^lan'3 v.*T.5 o; r/:l t-v ch'.t'.rc :r: 

In itvrrTil 'VJ'X •* 
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basal metabolic rate has remained relalivcl}'^ high 
despite a definitely subnormal concentration of 
iodine in the blood serum. For example patient 
A94667, when first seen, had a hasal metabolic 
rate of — 34 per cent and a scrum iodine of 2.0 
gamma per cent. After more than a year of satis- 
factory treatment with thyroid, medication was 
discontinued for 251 days. During this lime the 
basal metabolism never fell below — 15 per cent, 
and after the 251 days without treatment was 
only — 6 per cent. Yet serum iodine values of 
2.8 gamma per cent and 2.6 gamma per cent were 
found 77 and 251 days after thyroid therapy was 
stopped. These values were almost as low as the 
initial one when the metabolic rate was frankly 
subnormal. Indeed, in the entire series of pa- 
tients at the time of the initial iodine determina- 
tion metabolic rates as low as — 30 per cent or 
lower need not appear unless the patient had re- 
mained untreated for several years (Table I, 
columns 8 and 9). Yet in at least 3 instances 
(43024, A62475, and A49144) the scrum iodine 
fell to low concentrations when thyroid had been 
omitted for less than 2 months. Similar dissocia- 
tion between metabolic rate and blood iodine has 
been observed after subtotal thyroidectomy (12) 
and following discontinuance of thyroid medica- 
tion in euthyroid subjects (17). It is not possible 
to state from our data exactly how rapidl}’’ the 
serum iodine decreases after thyroid has been 
stopped but it is clear that the decrease may take 
place weeks or even months before there is any 
marked change in the basal metabolism. Whether 
this lag is due to retention of active hormone in 
the tissues, or whether the fall in metabolism is 
dependent on slowly-occurring changes which are 
secondary to the diminished amount of active 
hormone in the body, cannot be stated until more 
is known concerning the mode of action of the 
thyroid hormone. In any event, it would appear 
that fluctuation in the level of serum iodine in 
hypothyroidism corresponds more nearly to the 
need of thyroid therapy than does the basal meta- 
bolic rate. 

The previous reports in which some earlier 
articles were cited have emphasized the constancy 
of hypercholesterolemia in untreated hypothyroid- 
ism (13, 22). In the present series the incidence 
of normal or subnormal serum cholesterol values, 
in patients untreated for a reasonably long period 


of time, was unusually high (24 per cent). Of 
the 6 patients who did not develop hypercholes- 
terolemia (B12566. 88-153, F.S.H. 4774, B55424, 
B5696S, and 73340), 3 were sufTcring from se- 
vere malnutrition, 1 died soon afterwards with 
advanced hepatic insufiicicncy, 1 had active pul- 
monary tuhcrculosis, and 1 was without obvious 
complications. Both malnutrition and advanced 
hepatic insufficiency arc known to be associated 
with dcpre.ssion of the .scrum cholesterol (23, 
24, 25). llypcrcholcsterolcmia is not, therefore, 
an obligatory accompaniment of hypothyroidism, 
and, in the presence of nutritional deficiency or 
advanced liver disease, the scrum cholesterol level 
may be normal or even exceedingly low (73340). 

SUMMARY AND CONCLUSIONS 

1. In untreated hypothyroidism serum iodine is 
characteristically subnormal. In many hypothy- 
roid patients, however, it is significantly greater 
than 0, indicating the presence of some functional 
thyroid tissue in such patients. 

2. Desiccated thyroid in amounts sufficient to . 
relieve the symptoms of hypothyroidism causes a 
return of scrum iodine to normal levels. 

3. On the average, a 1-grain increase in the 
daily dose of thyroid administered to hypothyroid 
subjects occasions an increase in scrum iodine of 
2.0 gamma per cent. The relationship between 
serum iodine and thyroid dose appears to be linear 
within the limits of 0 and 2 grains per day. 

4. The basal metabolic rate responds much more 
slowly to alterations in thyroid status than does 
the serum iodine. 

5. Evidence is presented in support of the hy- 
pothesis that, in terms of iodine content, the daily 
production of hormone by the normally function- 
ing thyroid gland is roughly equivalent to 3 grains 
of U.S.P. desiccated thyroid. 

6. It is concluded that serum iodine is not only 
a valuable aid in the diagnosis of hypothyroidism 
but is also a useful criterion of the adequacy of 
treatment with thyroid substance. 

BIBLIOGRAPHY 

1. Riggs, D. S., Gildea, E. F., Man, E. B., and Peters, 

J. P., Blood iodine in patients with thyroid dis- 
ease. J. Clin. Invest, 1941, 20, 345. 

2. Man, E. B., Smirnow, A. E., Gildea, E. F., and Peters, 

J. P., Serum iodine fractions in hyperthyroidism. 

J. Clin. Invest., 1942, 21, 773. 



SERUM IODINE IN HYPOTHYROIDISM 


741 


3. Bassett, A. M., Coons, A. H., and Salter, W. T., 

Protein-bound iodine in blood. V. Naturally oc- 
curring iodine fractions and their chemical be- 
havior. Am. J. M. Sc., 1941, 202, 516. 

4. Salter, W. T., Bassett, A. U., and Sappington, T. S., 

Protein-bound iodine in blood. VI. Its relation to 
thyroid function in 100 clinical cases. Am. J. M. 
Sc., 1941, 202, 527. 

5. Klasscn, KL P., Bierbaum, R. L., and Curtis, G. M., 

The comparative iodine content of whole blood 
and serum. J. Lab. and Qin. Med., 1940, 26, 365. 

6. Talbot, N. B., Butler, A. M., Saltzman, A. H., and 

Rodriguez, P. M., The colorimetric estimation of 
protein-bound serum iodine. J. Biol. Chem., 1944, 
153, 479. 

7. Lowenstcin, B. E., Brugcr, M., and Hinton, J. W., 

The protein-bound plasma iodine in patients with 
thyroid disease. I. Correlation with basal heat 
production. J. Clin. Endocrinol., 1944, 4, 268. 

8. Man, E. B,, and Peters, J. P., Gravimetric determina- 

tion of serum cholesterol adapted to the Man and 
Gildea fatty acid method with a note on the esti- 
mation of lipoid phosphorus, J. Biol. Chem., 1933, 
101, 685. 

9. Bogdanovitch, S. B., and Man, E. B., The effect of 

castration, Uteclin, testosterone, and antuitrin-S on 
the lipoids of blood, liver, and muscle of guinea 
pigs. Am. J. Physiol., 1938, 122, 73. 

10. Riggs, D. S., and Man, E. B., A permanganate acid 

ashing micromcUrod for iodine determinations. I. 
Values in blood of normal subjects. J. Biol. Chem., 
1940, 134, 193. 

11. Riggs, D. S., Lavictes, P. H., and Man, E. B., In- 

vestigations on the nature of blood iodine. J. 
Biol. Chem., 1942, 143, 363. 

12. Man, E. B„ and Winkler, A. W., Unpublished data. 

13. Gildea, E. F., Man, E. B„ and Peters, J. P., Scrum 

lipoids and proteins in hypothyroidism. J, Qin. 
Invest, 1939, 18, 739. 


14. Peters, J. P., and Man, E. B., The interrelations of 

serum lipids in normal persons. J. Qin. Invest, 
1943, 22, 707. 

15. Turner, K. B., DeLamater, A., and Province, W. D., 

Obsers-ations on the blood iodine. I. The blood 
iodine in health, in thyroid and cardiorenal dis- 
ease, and in leukemia. J. Qin. Invest., 1940, 19, 
515. 

16. Dine, R. F., and Lavietes, P, H., Serum magnesium 

in thyroid disease. J. Qin. Invest, 1942, 21, 781. 

17. Riggs, D. S., Man, E. B., and Winkler, A. W., Serum 

iodine of euthyroid subjects treated with desic- 
cated thyroid. J. Qin. Invest, 1945, 24, 722. 

18. Danowski, T. S., Winkler, A. W., and Man, E. B., 

Treatment of hyperthyroidism with a combination 
of iodine, thiourea in small doses, and desiccated 
thyroid. To be published in the Am. J. kf. Sc. 

19. Means, J. H., Lerman, J., and Salter, W. T., The 

role of tlijToxine iodine and total organic iodine 
in the calorigenic action of whole tliyroid gland. 
J. Qin. Invest., 1933, 12, 683. 

20. Winkler, A. W., Criscuolo, J., and Lavietes, P. H., 

Quantitative relationship between basal metabolic 
rate and thyroid dosage in patients with true 
myxedema. J. Clin. Invest, 1943, 22, 531. 

21. Means, J. H., and Lerman, J., Symptomatology of 

myxedema: Its relation to metabolic levels, time 
intervals and rations of thyroid. Arch. Int Med., 
1935, 55, 1. 

22. Peters, J. P., and Man, E. B., The interrelations of 

serum lipids in patients with thyroid disease. J. 
Qin. Invest, 1943, 22, 715. 

23. Man, E. B., and Gildea, E, F., Scrum lipids in mal- 

nutrition. J, Qin. Invest, 1936, 15, 203. 

24. Hodges, R. G., Sperry, W. M., and Andersen, D. H., 

Scrum cholesterol values for infants and dnldrcn. 
Am. J. Dis. Child., 1943, 65, 858. 

25. kfan, E. B., Kartin, B. L., Durlaclicr, S. H., and 

Peters, J. P., The lipids of scrum and liver in pa- 
tients with hepatic disease. J. Qin. Invest, 1945, 
24, 623. 



TYPE SPECIFIC MENINGOCOCCrC AGGLUTININS; II— THE 
RELATIONSHIP OF TITERS TO THE COURSE 
OF THE DISEASE ‘ 

Bv CAROLYN R. FALK A^.•r. EMANUFL APPELBAUM 
(From the Bureau 0 } Laboratories of the Del<arlment of IJcaitli of the City of Neio York) 

(Received for puldicatioii May 19, 19-15) 


In the first paper of this series (1) a techtiic 
was described which affords a siinjde tncthod of 
detecting type specific agglutinins in individuals 
suffering from meningococcic infection. Agglu- 
tinin titers over Yioo were regarded as signihcanl 
of the presence of specific antibody, while those 
up to and including Yloq were considered within 
the normal range. If this test was to have prac- 
tical application for diagnostic puq:)oscs, or for 
determining the type of the infecting organism in 
cases where meningococci were not cultured, it 
seemed essential to study the agglutinin titers in 
bacteriologically proved cases of meningococcic 
infection during the entire course of the disease to 
determine: (a) When are agglutinins found in 
diagnostically significant titers? (b) What types 
of agglutinins are found? (c) Do these corre- 
spond in prevalence with the type distribution of 
recently isolated strains? (d) Do the types of 
agglutinins in patients’ serums correspond in type 
and valence with the infecting organism in cases 
where both the infecting organism and the pa- 
tient’s serum were available for study? 

The meningococcic agglutinin content of 252 
bacteriologically proved cases of meningococcic 
infection was studied from March, 1942 to March, 
1945. Samples of serum were obtained from the 
same patient from 1 to 34 times at intervals of 
from 1 to 21 days, i-e., during the acute, subacute, 
and convalescent phases of the disease. All the 
patients included in this study received one of the 
sulfonamide drugs and none received serum. 

METHOD 

The method used was that described in our previous 
paper (1). Briefly, all serums were tested for Group I, 
Group II and Group Il-alpha agglutinins. The cultures 
used for the antigens were standard stock strain cultures 
of well-established specificity and antigenicity. Serum 
dilutions ranged from %o to Yicoo- Each dilution was 

^ Presented at the New York Academy of Medicine 
Clinical Research Meeting, May 16, 1945. 


increased twofold. The tests were incubated at 37® C 
for 2 hours, centrifuged at high speed for 10 minutes and 
kept in the refrigerator ovcrniglit. Readings were made 
after centrifugation and also following overnight storage. 
The last tube showing definite (2 plus) clumping was 
considered indicative of the tiler of the scrum. 


RESULTS 

Agglutinins in significant titers were found, for 
1 or more of the types of meningococci, in 188 of 
252 (75 per cent) cases. Only 1 sample of blood 
was obtained in each of 149 cases, 2 samples were 
collected in each of 59 instances, and from 3 to 34 
samples were taken from each of 47 patients. For 
purposes of analysis, the 506 samples of serum ob- 
tained from these patients were arbitrarily grouped 
according to the phase of illness during which they 
were obtained. All samples of serum collected 
from the first to the fifth day after the onset of 
the disease were considered as representative of 
the acute stage, those from the sixth to the tenth • 
day as subacute stage, and those from the eleventh 


TABLE I 

Distribution of the titers of the same patients tested during the 
acute, subacute, and convalescent stages of their illness 



* Serum from this patient showed a titer of 1/256 during 
convalescent stage. 

** Serum from this patient showed a titer of 1/1600 
during the subacute stage. 

***13 patients tested using dilution range of 1/64 Jo 
1/1024, 11 patients tested using dilution range of 1/50 to 
1/1600 (1). 
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TABLE n 

■ Protocols of individual cases Of -proved meningococcic infection 


Case 

num- 

ber 

Diagnosis 

Smear 

Culture 

Onset 

Day after onset 

Agglutination tiler 

Group I 

Group Il-a 

Group II 

1- 

Meningococcic meningitis 

Positive 

No growth 

5/26/43 

1,2 

7 

1/ 

1 / 19R 

0 

0 

0 

n 






6 

1/ 256 

0 

0 






7 

1/ 512 

0 

0 






8,9 

1/1024 

0 

0 






10, 12 

1/1024+ 

0 

0 

2- 

Meningococcic meningitis 

Positive 

Positive 

9/26/43 

2 


0 

0 




I-II-a 


8. 10 


0 

0 






12 

1/1600 

0 

0 






13 

1/1600 

1/100 

0 






17 


1/400 

0 






24 

1/1600 

1/200 

0 






27 


0 

0 






33 

1/ 200 

0 

0 

3- 

Meningococcic meningitis 

Positive 

No growth 

5/15/43 

4 

1/ 32 

0 

0 






5 

1/ 64 

0 

0 






6 

1/ 128 

0 

0 






7 

1/ 256, 

0 

0 






8 to 15 

1/ 512 

0 

0 






18 

1/ 256 

0 

0 






19, 20 

1/1024 

0 

0 






21 to 28 

1/ 512 

0 

0 






30, 32 

1/ 256 

0 

0 






33 

1/ 512 

0 

0 






34 to 37, 40, 42, 54 

1/ 256 

0 

0 






59 

1/ 128 

0 

0 






66 

1/ 32 

0 

0 

4- 

Influenzal meningitis 

Positive 

Positive 

11/6/43 

S, 11, 16 

0 

0 

0 


(control) 


Type B 






5- 

Pneumococcic meningitis 

Positive 

Positive 

11/8/43 

7, 12, 16 

0 

0 

0 



(control) 


Type 27 







to the ninetieth day as convalescent stage. In 1 55 
instances where more than 1 sample of serum was 
obtained during a given period, an arithmetic aver- 
age of the reciprocals of the titers was used, and 
tl'c 2 or more specimens were considered as a 
unit. Only 68 of the 149 (46 per cent) serums 
collected during the acute stage were positive, 
'vliilc 84 of 106 (79 per cent) sennns collected 
during the subacute stage were positive, and 49 of 
(68 per cent) serums collected during the 
convalescent phase were positive. The time of 
onset was unknown in 24 instances. In this 
gcouji. IS (75 per cent) scrums showed agglu- 
tinins in .significant titers. 

To clarify this problem further, a group of 24 
patients Was tested 1 or more times successively 
during each of the acute, suhaculc and conv-alcs- 
cent phases. In instances where m.orc tr.an I 
sample of serum was tested during nnv one o: 


these periods, the titers were averaged using the 
metliod previously mentioned. The distribution 
of the agglutinin titers of these cases is given in 
Table I. Sixteen of the 24 cases showed negative 
agglutination titers during the acute stage. Only 
1 case remained negative during the subacute 
stage but became positive during the convalc.^ccnt 
stage. Another case that was positive during the 
subacute phase became negative during the con- 
\-alcsccnt phase. The increase in the number of 
patients showing agglutinins in titer.^ above 
was also marked d.uring the snbanitc and convalc-- 
cent ph.ases. In fact, while only 6 ca^es sh.owcd 
agglutinins over Vi-", during th.c acute j.h.are. this 
number wa'; increastc! to I.c; /lurin- the subecute 
and to 20 during tr.c convalc cent 

Table I sh'iv. > ih.e genera! tren ; r,f •;;; gr-';;> 
a- a whcle. The v-ariati- n vhirh m:' nature! 
irr ir.d-.vidmal cr.-c5 can !<.: he bv '.l.r ‘r-- 
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Fig. 1. Agglutination Titers i-or Group I and 
Group II-Alpiia Meningococci on Serums Ortaineii 
FROM Patient C. C. 

Onset of illness 9/26/43. 

tocols of typical cases. Three such eases and 2 
control cases are presented in Table II. Case 
number 1 showed a gradual rise in agglutinin titer 
during the first 12 days of illness. In case number 
2 agglutinins for Group I meningococci persisted 
until the thirty-third day. In this same instance, 
agglutinins for Group Il-alpha meningococci 
made a delayed appearance and were observed 
from the thirteenth to the twenty-fourth day. Fi- 
nally, in case number 3, samples of serum were 
taken at almost daily intervals during the entire 
course of the disease. This case showed a gradual 


ri.se in titer during the fir.st 3 weeks, and a gradual 
decrease in titer from the fifth to the eighth week. 
The final samfilc of .serum taken 9 weeks after the 
onset of illness was negative. Case numbers 4 
and 5 were representative of a group of 78 control 
patients, sufTcring from other forms of meningitis 
not caused by the meningococcus. .Scrums col- 
lected from these patients at comparable periods 
to the meningococcic infection cases were negative. 

It is of interest to note that essentially the same 
rise and fall of agglutinin titers was observed in 
another group of scrums collected from 128 clini- 
cally typical cases of meningococcic infection, with- 
out bacteriological confirmation of the causative 
agent. This will be the subject of a future report. 

These results indicate that the curve of agglu- 
tinin production in cases of meningococcic infec- 
tion was similar to the classical one of other febrile 
diseases such as typhoid fever (2). Typical 
curv'cs of agglutinin titers in instances where tests 
were made on samples collected during the various 
phases of the diseases arc presented in Figures 1 
and 2. 

In certain instances, the significance of the test 
was obscured by the fact that the beginning of the 
infection probably preceded the onset of clinical 
symptoms by a sufficiently long inteiA-al to allow 
for the formation of agglutinins in significant 
titers. Case numbers 1 and 2 in Table III repre- 
sent 17 such instances in a group of 47 cases 
where 3 or more samples of serum were studied. 
Unfortunately, serums were not obtained in these 
17 instances late in convalescence to determine a 



Fig. 2. Agglutination Titers for Group I Meningococci on Serums Obtained 

FROM Patient C. C. 


Onset of illness 9/15/43. 
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TABLE in 


Protocols of individual cases o' proved meningococcic infection shoving significant agglutinin titers for type specific 

vteningococci on (he day of onset of (he disease ■ 







Day after 

Agglutuiatioa titc 


Diagnosis 

■ Smear 

Culture 

Onset 




W<lbC 

number 

onset 

Group I 

Group II*a 

Group II 





1* 

Meningococcic meningitis with 
meningococcemia 

Positive 

Positive 

1-II-a 

6/18/43 

1 

3 

6 

1/1024 

1/ 512 
1/1024 

1/ 512 
1/1024 
1/1024 

0 

0 

0 






15 

1/1024 

1/ 256 

0 

2t 

Meningococcic meningitis 


No 

growth 

5/23/43 

1 

4 

1/ 256 

1/ 32 

0 

0 

0 

0 





8 

1/ 64 

0 

0 






14 

1/ 128 

0 

0 






16 

1/ 32 

0 

0 



■ 



19 

1/ 512 

1/ 256 

0 


* 13 instances in a group of 47 cases showed similar high titers on the day of onset. 

1 4 instances in a group of 47 cases showed high titers on the day of onset, accompanied by fluctuating titers on the 
several samples tested. 


change in titer. Case number 2 was also typical 
of a group of 4 instances which showed a fluctu- 
ation of agglutinin titers during the first 3 weeks 
of illness. 

Our own studies, as well as those of other ob- 
servers (3 to 9), showed that Group I meningo- 
cocci were tlic predominating type during the pe- 
riod of this investigation. Since March, 1942, we 
have classified 347 gram negative diplococci, iso- 
lated by this lahorator)' from samples of spinal 
fluid or blood. They were tj'ped by the tube ag- 
glutination method, using type specific mono- 
valent rabbit antiserums. The typing serums were 
prepared from the same strains that have been 


used as antigens in testing the agglutinin content 
of the patient’s serums, and did not show cross 
reactivity between the different groups of menin- 
gococci when tested with strains of known anti- 
genicity. Two hundred and ninety-five (85 per 
cent) were typed as Group I; 43 (12.5 per cent) 
as Group I-II-alpha; 1 (0.3 per cent) as Group 
II; 4 (1.2 per cent) as Group Il-alpha; and 3 
(0.9 per cent) could not be classified serologically, 
although on the basis of fermentation reactions, 
they belonged to the N. meningitidis group. 

The type distribution of the agglutinins found 
in the patients’ scrums was ver)* similar to the 
type distribution of the recently-isolated strains. 
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Type distribution of meningococcic in bacteriologically proved cases of meningococcic infeciion 
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These results are presented in T.iblc IV. One 
hundred and forty-two of the 188 cases showing 
agglutinins in significant titers, produced agglu- 
tinins for Group I meningococci alone. Two cases 
showed agglutinins for Group II alone. Tlic re- 
maining 44 cases showed serums with a broader 
valence. Agglutinins for Group Il-alpha, as well 
as for Group I, were observed in 36 instances; 
agglutinins for Group I and Group II in 2 cases; 
and agglutinins for Group I, Group II and Group 
Il-alpha in 6 instances. The valence of the scrum 
did not appear to have any relation to the phase 
of the disease during which the serum was col- 
lected. Serums with a broad valence were found 
in 20 of 72 (28 per cent) cases during the acute 
phase; in 11 of 60 (17 per cent) cases during the 
subacute phase; and in 8 of 38 (IS per cent) cases 
tested during the convalescent phase. Tlicy were 
also found in 5 of IS (28 per cent) cases in which 
the date of onset was unknown. Furthermore, in 
10 of 21 instances, in which successive samples of 
serum from the same patient were tested, Group 
Il-alpha agglutinins were not evident in the first 
sample of serum tested, but were present in sub- 
sequent ones taken either late in the first week or 
during the second week of illness. The protocols 
of case number 2 in Table II and number 2 in Ta- 
ble III are typical of such findings. 

The infecting organisms were available for clas- 
sification in 82 of the 252 cases included in this 
study. Agglutinins in significant titers were ob- 
served in 59 of these patients, while the remaining 
23 yielded negative results. Twenty of the 23 
patients whose serums failed to show agglutinins 
were tested only once. These included 12 patients 


tested during the acute stage, 3 tested during the 
subacute stage, 1 tested <luring the convalescent 
stage, and 4 instances with time of onset unknown. 
Three cases were tested during the acute and sub- 
acute phases, but not during the con%'a1csccnt 
phase. Table V shows that 37 of the 44 strains 
which reacted with only 1 type of jnonovalent 
rabbit antiserum elicited only 1 type of agglutinins 
in the patient’s scrum, while 7 strains produced 
a scrum with a broader valence. On the other 
hand, 12 of 15 organisms which reacted with 2 
or more types of monovalent rabbit antiserum 
evoked agglutinins for more than 1 type of menin- 
gococci. No organisms in this scries were typed 
as cither Group II or Group Il-alpha alone. 
These results indicate that there is a correlation 
between the infecting organism and the anti- 
bodies produced in the patient’s scrum. 

DISCUSSION 

The significance of finding type specific menin- 
gococcic agglutinins in human serums in the past 
was obscured by the antibodies introduced, in the 
majority of cases, when therapeutic antiserum 
was used. The use of chemotherapy alone, how- 
ever, has made it possible to study the antibodies 
produced by the infecting organism itself. 

The results of this study show that the type spe- 
cific agglutinin production in cases of bacteriologi- 
cally proved meningococcic infection followed the 
classical curve of other febrile diseases. The titers 
varied from V 200 to Vicoo- Agglutinins were ob- 
served more regularly during the subacute than 
during the acute phase and reached their maxi- 
mum titers during the early part of the convales- 


TABLE V 


Comparison of the group of the infecting organism with the group of the agghdinins found hi the patient's serum 
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cent phase. There was, however, considerable 
variation in individual cases, both as to tlie time 
at which the agglutinins were first observed and 
their persistence in tlie patient’s serum. These 
observations demonstrate the importance of test- 
ing successive specimens from the same patient, 
especially during the first 2 or 3 weeks of illness. 
As recovery progressed, there was a gradual de- 
crease in the agglutinin titer to pre-infection levels. 
Agglutinins for Group I, Group II and Group 
Il-alpha were found alone and in combination. 
Agglutinins for Group I organisms, which were 
the prevalent type in the outbreak studied were 
found in 99 per cent of the serums. There was 
also correlation between the infecting organism 
and its homologous human serum in cases where 
both the infecting organism and the serum were 
available for study. This indicated the validity 
of using the agglutination test, in titers above 
Yjoo, as a means of determining the type of the 
infecting organism in cases where meningococci 
were not cultured from the spinal fluid or blood 
and in which the "quellung” test was unsuccess- 
ful. The test may also be useful as an additional 
diagnostic procedure in cases of suspected menin- 
gococcic infection where other laboratory confir- 
mation is lacking. In this connection, the im- 
portance of performing several tests to demon- 
strate the development of the change of agglutinin 
titers cannot be overemphasized. 

An exact explanation for finding poljwalcnt 
human scrums cannot be given on the basis of 
the facts on hand. Since all the usual tests have 
been applied to insure the specificity and anti- 
genicity of the strains used as test antigens, it 
would not appear that these cross reactions arc 
due to unsuitable and nonspecific antigens. There 
is a suggestion tirat it may be due to the valence 
of the infecting organism or to the remote possi- 
bility of 2 separate infections by 2 difTcrent groups 
of meningococci. 

It has been apparent that the meningococci iso- 
lated <!nring the period of this investigation had 
a high degree ot antigenicity. This h.as probablv 
been one of tb.c factors in rb.e demonstration of 
type .<-pccific ngghniniTj-:. Vari.ation in antigenic- 
ity, a'; well as the diiTercnt tecl-.nics cnm'ove.l. 
may account for the confusing result s obnaire^l bv 
dilTcrcnl invcstigator.s in the p."st. 


A group of workers (10) recently reported es- 
sentially similar results in a group of 47 bacterio- 
logically proved cases of meningococcic infection, 
although they obtained a lower range of agglutinin 
titers. It should be noted that these investigators 
used freshly-isolated strains and a slightly dif- 
ferent tedmic for their agglutination test. In our 
original paper (1), we compared several methods 
of incubation, which induded a centrifugation 
method similar to the one employed by Dowling 
and his collaborators. We pointed out in tliat 
report that immediate centrifugation did not ap- 
preciably alter the titer of the serum. 

The usefulness and the limitations of this test 
as a diagnostic procedure are those of all other 
serologic tests. In the absence of clinical ed- 
dence, it is not possible to distinguish between 
active and latent infection. We showed (1) that 
agglutinins in significant titers were found in 
healthy hospital and laboratorj' personnel in re- 
peated contact with the infection. In these in- 
stances, no attempt was made to correlate these 
findings with the carrier state. However, in 1935, 
one worker (11) was able to demonstrate agglu- 
tinins in the serums of carriers and felt that this 
condition could be looked on as an infection. In 
this connection we should like to mention also the 
finding of an apparent source of false positives 
in a group of 11 of 46 instances of gonococcic 
infection. The significance of tliis obscn'ation 
merits further study. 

SUMMARY AND CONCLUSIONS 

1. Agglutinins were found in diagnostically sig- 
nificant titers in the scrums of bactcriologically 
proved cases of meningococcic infection during the 
acute, subacute, and convalescent phases. 

2. Tljcre was considerable vari.ation in indi- 
wdual cases both as to the time at which tb.c ag- 
glutinins first appeared in signific.ant titers and 
their persistence in the patient’s sc.-um. Titers 
fell to prc-im'cction levels hctv.xcn tb.c third week 
and fourth month after onset. 

3. .-Vecliitinins v.crc foT.’nd for Group I. Group 
II. and Gro;;p Il-alpba mer.ingrcrcf; rd- ni- and ;rj 
combination v.u'iis c.-.eb, otimr. 

4. The .anc’-Ninir.-: rorre- r.d'- ' in. 5 Trv.'.'rn.*- 
with tlx tjme di'^tril-nti-.n of tr^ irn-rting or- 
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5. The type of the agglutinins found in the pa- 
tients’ serums corresponded with its homologous 
infecting organism in all cases where both the 
organism and the serum were available for study. 

6. The agglutination test may be useful in titers 
above %oo determining the type of the infecting 
organism in cases where meningococci arc not 
cultured from the blood or spinal fluid and in 
which the "quellung” test is unsuccessful. 

7 . Excepting diseases due to the gonococcus, 
this test may be of value as an additional diag- 
nostic procedure in cases of suspected mctiingo- 
coccic infection where other laborator)' confirma- 
tion is lacking. 

The technical assistance of Miss Diana Blitz in the 
execution of this work is ack-nowlcdgcd with thanks. We 
are also indebted to Miss Ruth Gosling, Miss Helen 
Ackermann, and Miss Marie Romano for cooperation in 
obtaining the specimens of blood and for the isolation of 
the meningococcus cultures. 
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It is well known that toxic substances, probably 
derivatives of bacterial protein (1), frequently ap- 
pear in improperly distilled water. A dramatic 
and often potentially dangerous syndrome of chill 
and fever (pyrogenic reaction), occasionally com- 
plicated by peripheral circulatory collapse, follows 
the intravenous administration of solutions con- 
taminated with these substances. A marked in- 
crease in renal blood flow (2), a reduction in 
arterial pressure (3) and an increase in cardiac 
output (4) have been observ-ed during the pyro- 
genic reaction in normal man, indicating a marked 
reduction in over-all peripheral resistance. Three 
stages of arterial pressure change have been de- 
scribed (3) ; namely, (o) a short period of ele- 
vated pressure during the chill and initial rise in 
temperature, (b) a phase characterized by a mod- 
erate fall in blood pressure, coinciding approxi- 
mately with the appearance of renal h^-peremia, 
and (c) a marked reduction in blood pressure 
with a narrowing of the pulse pressure some 4 or 
5 hours after the administration of the pyrogen. 
Although antipyretics, such as amidopyrine, when 
given in adequate doses prior to injection of the 
pyrogen, will prevent chill and fever, they do not 
afTcct renal hyperemia or phases {b) and (r). 
The reduction of arterial pressure (r) is usually 
greater among hypertensive than among normal 
subjects and may be so profound as to result in a 
shocklikc state, even in the absence of fever. It 
is not known whether the late reduction in blood 
pressure is a result of widespread vasodilation, 
reduced cariliac output or a cojubination of tb.c 
two. Nor is it known whether th.crc is any funda- 
incnt.a! diilcrcncc in respottsc on ih.c part of hy- 
j'crtciivive a*; compared with normotensive ir.di- 
vid.uals, Th.c present s'.m’.y was undcrl.akcn to 
ew.luatc th.e hemodyr.amic {.actors involved in tins 
reduction. 


METHODS 

Eight subjects, 6 of whom had essential hypertension, 
selected from the wards of the Third (New York Uni- 
versity) Medical Division of Bellcsaie Hospital, and 
Evans Memorial Hospital (Boston University School of 
Medicine), were examined under basal conditions after 
several days of bed rest All subjects were free of gross 
cardiac pathology. 

Amidopyrine in doses of 0.6 gram was given to each 
subject every 4 hours for 5 or 6 doses during the 24 hours 
immediately prior to the administration of pyrogen. Ty- 
phoid vaccine and contaminated inulin (Pfanstichl inulin 
lot No. 268) were used as sources of pyrogen. Pyrogenic 
inulin, in doses of 100 to 200 mgm, dissolved in sterile 
saline and passed through a Seitz filter, was adminis- 
tered intravenously to 4 of tlic hypertensive subjects 
(A. B., B. S., M. N., H. H.) while t>-pboid vaccine, in 
doses of 0.1 ml, (100 million organisms) was adminis- 
tered to 2 others (M. P., G. O.). Two normotensive 
•subjects (P. H., S. V.) were given 300 mgm. and 150 
mgm. of pyrogenic inulin, respectively. Control meas- 
urements were made prior to or witliin 20 minutes after 
the injection of pyrogen. 

Cardiac output was measured with a modified Starr 
ballistocardiograph (5) using the wave arc.a formula (6). 
Since ballistocardiograph complexes arc abnorm.al in the 
majority of hjTicrtcnsivc subjects, only the results for 
subjects with normal complexes arc reported in this 
study. All values for stroke volume and cardiac output 
I)avc been corrcctcrl by the 18.3 per cent correction f.actor 
by which ballistocardiographic values liavc l.'cen sho’.vn 
to differ from those obtained by the direct Fick mellio'! 
(7). In 2 subjects (S. V.. H. H.) cardiac output was 
determined by the direct Fick method fo'.lov.ing c.'ith.etcr- 
iialion of the right auricle (8), 

Arterial pressure in the femoral or hrarhial artery was 
recorded by arteri-al juncture an-l the Hamilton .mx.n-rr:- 
tlcr (9) and mean pressure was crrnj'Uted ; '.anim-iriraliv. 

formula derived from Pt-seuine's Ijf.v. h.'i'ed upe-n tie 
output of th.e h.eart and th.e m.-an arterial ;rr'"Jrr, v.;.i 
u'ed in calculating the jerijhrral va'tu'ar rr*’:'tar.rr in 
ah«;lute ttnits (10). 
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RESULTS 

Normotcnslvc subjects 

Circulatory adjustments during the afebrile py- 
rogenic reaction were studied in 2 normal con- 
valescent male subjects (P. li., S. V.). Figure 1 
illustrates the immediate response to pyrogenic 
inulin (300 mgm.) seen in 1 of these individuals 
(P. H.). Peripheral resistance (R) decreased as 
renal plasma flow (Cd) and cardiac output (Cl — 


ballistocardiographic) increased. The output of 
the heart increased as a result of increases in both 
stroke volume (SV) and heart rate (HR). Ar- 
terial pressure (J3P) showed a tendency to fall 
with a narrowing of tiic pulse pressure and at the 
termination of the study was definitely below the 
control level. No further depression of the blood 
pressure was noted and the subject was up and 
about several hours later without complaint. 



0 30 MINUTES 90 120 150 


Fig. 1. Subject P. H. The Systemic and Renal Circulatory Effects of the Pyrogenic Reaction, 

Normal, Male, 52 Years 

BP, blood pressure (Hamilton manometer) in mm. Hg, the thick line being the mean pressure ; HR, heart 
rate; SV, stroke volume in ml.; Cl, cardiac index (ballistocardiograph) in liters per minute per square 
meter of body surface; R, peripheral resistance in dynes cm."' sec.; FF, filtration fraction (fraction of 
renal plasma flow filtered at the glomerulus) ; Cm, mannitol clearance (glomerular filtration rate in ml. 
per minute) ; Cu, diodrast clearance (renal plasma flow in ml. per minute). Values of the renal frac- 
tion (per cent of the cardiac output passing through the kidneys) are inserted below each diodrast clear- 
ance period figure; °F, rectal temperature in degrees of Fahrenheit. The arrows at the top of the figure 
indicate times at which hemodynamic data were obtained. All subjects described here were premedicated 
with amidopyrine. 

Following the intravenous injection of 300 mgm. of pyrogenic inulin at zero time the cardiac output slowly 
rose and peripheral resistance decreased. The blood pressure fell from a control value of 116/58 to 90/50, 
the mean pressure changing very little. The filtration rate decreased and the renal plasma flow, after falling 
during the first hour following injection of the pyrogen, increased markedly. The filtration fraction fell 
steadily. The blood pressure was well maintained despite the decrease in peripheral resistance and strik- 
ing renal vasodilation. This subject remained completely asymptomatic. 
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Fig. 2. SunjEcr B. S. (see Figure 1 for symbols). Essential Hypertension, Female, 44 Ye.\rs 
Pyrogenic inulin (100 mgtn.) was administered at zero time. The blood pressure fell from 185/84 to 
150/70, largely as a result of a decreased peripheral resistance. There was little change in cardiac out- 
put. The renal events were characteristic, except that a marked decrease in glomerular filtration rate was ob- 
served during the first 2 hours. 


A second normal subject (S. V.) was given 
150 ingin. of p)Togcnic inulin. Cardiac output, 
measured by both the direct Fick method and 
ballistocardiograpb, increased by 54 per cent and 
64 per cent, respectively, over a period of 3 hours 
following administration of pyrogen. Arterial 
jircssurc showed no significant change and, though 
followed for several hours, no trend toward hypo- 
tensive levels was noted. The peripheral resist- 
ance fell as cardiac output increased. Renal func- 
tion was not measured in this patient. On return 
to the ward, he became amhulatoiy immediately 
without ill effect.’ 

I Tl-.r c.mliov.vcul.ir cl:.-errs the r.frbrilc pyro- 

t'm rraf’.ien were gusHtr, lively simil.-’r in t'.’.ew 2 patients 
ter.-.nr.r'v oj «! - n-.ethiv'. cmployc^! in detertnininr <-ardir,c 
'.t. llo-.vrvrr, a c<r;-p.-ri* ■n (?. V.) eg t!-,e ■s'a'.urs «'t 
t'Vtai''--,! 1 y the 2 rTlb>'!« fTvezle'-l a etri*;- 
:!'i: divre.'c.n.'s It l’'e brirl;* c; tbr j j r.'.-rni,- meti-'i-.. 
The e\^.tt.>’, Vil'.;es vi ciT.’.iie in':--; irrevi v.f". 


Since the findings of increased cardiac otitput, 
decreased peripheral resistance and fall in blood 
pressure in these 2 subjects agreed with those of 
other workers (3, 2, 4) and since these response.s 
were typical of the many pyrogenic reactions we 
have observed in normal man, it was felt that 
further control studies were iinncccssart’. 

Hypcrlrr.shr siibjccis 

In 2 of 6 hypertensive stihjccts (B. S.. M. P.) 
the rcsjKinsc to pyrogen was essentially similar to 

the direct Fick r',r!’',C'! piving n fgurr rj i22 1. p.-r run. 
jicr tn.*, the tailbt-carili'^rTath (nO’l) 5 0' 1. j.'r tnin, 
I-cr m’. Fol'c'wirg t!;-: in-rcti n i f pj r -rrn 
index was inrrc.'»"''-I t'"’ 5 07 1. trin. j'-r rt* (ilCtT* i-d 
(dirrrt Fir’.), “h- I'i* rrr; ry i-v' r;*-., t!r; (X’-'z-r. 

UMta! I "j (' ■' --riri' r - .'h; '■! c'.-i - r-r -r, ! 
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that of the normotcnsivcs described above. The 
hemod)'namic changes observed in 1 of these 
(B. S.) are illustrated in Figure 2, A gradual 
fall in arterial pressure ■without much change in 
pulse pressure followed the injection of pyrogenic 
inulin. Cardiac output, jHilsc rate and renal 
plasma flow increased, while a significant and 
progressive diminution of the peripheral resist- 
ance was noted. Blood pressure levels were not 
measured following completion of the illustrated 
part of the study; however, the patient remained 
in bed and asymptomatic. Abnormalities of the 
ballistocardiographic record made measurement of 
the cardiac output impossible in subject M. P., a 
young female with hypertension of at least 2 years’ 


duration. However, as afunug the normal sub- 
jects, no sigtiificatit change in arterial pressure 
was observed, following the administration of ty- 
phoid vaccine although the reaction elicited renal 
hyperemia associated with a dccrca.scd filtration 
fraction. Iti otic respect this subject responded in 
an abnormal manner. At the peak of the pyro- 
genic reaction, as revealed by renal hyperemia, it 
was found that assumption of the upright position 
resulted in the rapid onset of dizziness and faint-, 
ne.ss associated with tachycardia. Unfortunately, 
it was impossible to obtain a record of blood pres- 
sure at this time. Return to the horizontal posi- 
tion quickly relieved the symptoms and the sub- 
ject remained asymptomatic, with an unchanged 



Fig. 3. Subject H. H. (CI, Cardiac Output in Liters per Minute per Square Meter of Body Sur- 
face Measured by Direct Pick Method; Symbols Otherwise as Figure 1.) Essential Hyperten- 
sion, Male, 49 Years 

Following administration of 150 mgm. of pyrogenic inulin the cardiac output steadily increased as a result 
of an increased stroke volume, while the peripheral resistance fell. Blood pressure fell over a period of 3 
hours to normotensive levels where it was well maintained by reciprocal changes in cardiac output and pe- 
ripheral resistance. Renal plasma flow increased during the first 4 hours and then returned to the control level. 
There was very little change in the filtration rate and the filtration fraction decreased. At upright, the sub- 
ject was placed in a sitting position and hypotension (interrupted pressure curve indicates sphygmomanometric 
measurements) developed associated with a marked fall in cardiac output. Recovery followed the return to 
recumbency. Body temperature, not recorded here, remained constant throughout. 
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Fig. 4. Sudject A, B. Essential Hyperteksion', Male, 33. (See Figure ] for Swtcoij;) 

The blood pressure fell very little during the first 3 hours following the administration of 200 mgra. of py- 
rogenic Inulin. The decrease in peripheral resistance during this period was balanced by an increase in car- 
diac output At 12:00 p.m., tltc renal function studies were completed and the patient rose to his feet. Very 
shortly thereafter sjmeope occurred and blood pressure could not be obtained. Interrupted pressure curve 
marks sphygmomanometric measurements. It should be noted that cardiac output and pulse rate decreased 
just prior to the onset of s}-ncopc. Body temperature, not recorded iicrc, was normal throughout 


blood pressure as long as she did not sit or stand 
up. This abnormal response to postural change 
cleared slowly during the following 12 hours. 

In tlic remaining subjects (H. H., A. B., M. N., 
G. O.) the evidence of maladjustment to postural 
change was clearly demonstrated. In every case 
tlie assumption of the standing or sitting position 
was followed by hypotension and faintness or 
syncope several hours after injection of pyrogen. 
In 1 (G. O.) impending syncope was pre.^ent in 
the horiwntal position. Tiic.'c subjects will he 
dc-ccrihcd in order of the severity of tlic }i\-po- 
tensive rc.^ponsc. 

Subject H. H. (Figtirc 3) sh.owcd a typical rc- 
siH-insc. Tlic r.-irdiac output (direct Fichl tn- 
cre.i^cd ir.ni'Kcdly, th.e {■•cripl'.cral resistance dc- 
cic.asrd and the MtV'd prcs'Urc fell s'.owly { 
normal level. In the J.ite aftcmc'c:;, after 


termination of the renal studies and more than 4 
hours after pyrogen had liecn administered, he 
was raised to a sitting position. At tiiis time the 
blood pressure had fallen to normotensive levels, 
cardiac output liad increased and the peripheral 
resistance had fallen to a mnrhcflly low level. On 
sitting up. the blood pressure (mc.asurcd .‘pliyg- 
mom.anomctric.ally) fell aitno.'t imrncdi.ately to a 
level of 60/40 and bradycnrdi.a nppc.arcd. A di- 
rect Fick determination w.as nt.adc inun-diatfly 
(in recumbency) .and the cardi.ac otitj);:! v.ai 
found to I'.avc fallen weil h'.h>w the o ntr.d vah.-e . 
On cornplctf^'n PicL* r.rt' rfn! 

prcs5'.!rc hv t'.c ijr.rrr!!-"*: rirr. r:;- 

cter hTj] rcinrr.V'! to t!:t: ^vr! t^xvur.;* I'-'-.zr t!:'* 
‘tiv'jfct v/n.*- t!rvr.tc'!. it 'atj r' j 
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ing the supine posture. No attempt was made to 
calculate the peripheral resistance during these 
tests because of the difficult}'^ of measuring cardiac 
output by the direct Pick method and determining 
the arterial pressure simultaneously. 

Subject A. B. (Figure 4) was a 33-yoar-old 
male with essential hypertension of at least 2 
years’ duration. His blood pressure fluctuated 
widel}^ falling to normal levels on bed rest. Fol- 
lowing administration of pyrogen, the arterial 
pressure fell slowly with a narrowing of the pulse 
pressure. As renal hyperemia appeared the car- 
diac output, stroke volume, and pulse rate in- 
creased with a significant diminution of peripheral 
resistance. At the termination of the renal func- 
tion study a marked drop in the blood pressure as- 
sociated with a fall in cardiac output was noted. 
A few minutes later, on rising to his feet, the 


subject suddenly became pulseless and fainted. 
Several hours later the blood pressure was found 
somewhat higher than just jirior to syncope and 
the cardiac outjnit was again aljove control values. 
The pcri{)hcral resistance continued to be dc- 
jircsscd. The following morning the blood pres- 
sure and cardiac output had returned to the con- 
trol level. 

Figure 5 illustrates a similar reaction observed 
in another young hypcrtcnsii’c, Af. N. She was 
examined again 3 hours after the termination of 
the renal function study and by this time was 
found to have a markedly reduced arterial pres- 
sure and pulse pressure associated with a falling 
cardiac output. Soon after she was placed in a 
wheel chair to return to the ward, .she suddenly 
became pulseless and complained of faintness. 
This marked hypotensive state lasted for several 



Fig. 5. Subject M. N. Essential Hypertension, Female, 20. ( See Figure 1 for Symbols) 

The arterial pressure changed very little during the first 2 hours after the administration of 100 mgm. of 
pyrogenic inulin. Peripheral resistance fell while cardiac output increased. Six hours after the pyrogen 
was administered it was found that the arterial pressure (interrupted pressure curves denote sphygmoman- 
ometric measurements) had fallen to hypotensive levels, associated with a decrease in cardiac output below the 
control value. The peripheral resistance remained reduced. Shortly after this measurement was made, the 
subject became pale, pulseless and dizzy. She remained so for several hours. 
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Fig. 6. Subject G.O. Essential Hyperteksion, Female, -H. (Symbols Same as Figure 1) 

No hemodynamic change other than a failing peripheral resistance and an increasing cardiac oiilpiit nas 
noted during tlic first 2 hours after pyrogen (typhoid vaccine) was administered. During tlie next 10 min- 
utes, however, the blood pressure fell to a normolensive level and then fell precipitously to 92/40 mm. Hg asso- 
ciated with a parallel decrease in cardiac output. The peripheral resistance increased slightly. Restoration to 
a normotensisc level followed a change of position from rccumlicncy to 24° head down. The recovery was as- 
sociated with an increased cardiac output and a further fall in peripheral resistance. The return to the hori- 
zontal position brought about a similar sequence of events and the head down position was necessary to avert 
syncope and relieve faintness. At 150 minutes the patient was questioned about a relative wliom she was l-mown 
to dislike, and she broke into tears and sobbing and shortly thereafter it was found that the blood pressure 
had returned to a hypertensive level. She was again placed in the horizontal position and the pressure slowly 
returned to normotensive levels where it remained for approximately 24 hours. 


hours associated with faintness, nausea and vomit- 
ing, marked pallor and cold c.xtrcmities. 

Subject G. O. (Fiprnre 6) was a 44-year-old 
female with a wcll-cstahlishcd hypertension of 3 
ye.irs’ known duration. For 2 hours followint; 
administration of pyrotjen the blood pressure was 
wed sustaincsl and cardiac outjnit iucrc.ascd while 
pcrip!icr.il rc.sistancc .dowly fell. Then, while still 
in the hurirontal position, a drop in Mood pressure 
to normotensive levels occurred followed by a 
ft’.rtlier rapid fall of sysuib.c ptcfsv.Tc to 9^3 mm 
np and to 40 nun. Hp. associated with 

marlcevl bradyc.itciia. faintness, and r..-.use.i Al- 
tliough pcripl'.cral rcsist.-i'.cc increased son-ev.p.at 


during the pressure fall, the nto.st striking hemo- 
djmamic change was the marked fall in c.ardi.ac 
output. When the subject was pl.accd in the shock 
position, the blood pressure returned to normo- 
tensive levels, the cardiac output incrc.a-^cd as .a 
result of' an increased h.c.art rate and a l.irger 
stroke volume, with subjective improvcn'.ent. On 
the return to the I'.orf.-ont.a!. circn'.-torv c.h.a.n.gc-, 
similar to lit D^c seen 

mj'idiy recurred, .ogain tite d-o-k pidti- r; re- 
sulted in imprnvcmer.t. .-\t i:n:e 
was <|v.citiAr.ed c, ^ n.crn-^r t. 

against wh.-nt s’.e v.a^ kn. ■ •••■tt t'> K'.r'e- r 









756 


nRADU-.y, ClIASIS, GOUnUNT,, AXn SMITH 


elicited. The blood pressure rose quickly to a 
hypertensive level apparently as a result of an in- 
crease in cardiac output due to an increased heart 
rate and increased stroke volume, the peripheral 
resistance showing little change. Following the 
return to horizontal the pressure slowly returned 
to a normotcnsive level where it remained for ap- 
proximately 18 hours. During most of this time 
the subject was maintained in shock position to 
assure maximal comfort. 

Rcml jraclion 

The percentage of the cardiac output diverted 
to the kidneys (renal fraction) was calculated in 
every instance in which simultaneous measure- 
ment of renal blood flow and cardiac output was 
made. The figures are inserted below the graphic 
record of the diodrast clearances in Figures 1 to 
5. The renal fraction increased in every instance 
over the control figure, usually reaching a maxi- 
mum at the peak of renal hyperemia. On 3 
(P, H., B. S., M. N.) of the 5 occasions in rvhich 
the renal fraction was measured it fell simultane- 
ously with the renal blood flow shortly before the 
appearance of renal hyperemia. This phase of 
decreased renal fraction and renal blood flow was 
usually associated with a reduction in the filtra- 
tion rate without much change in the filtration 
fraction. These phenomena appear to be inde- 
pendent of hypertensive disease and, though not 
consistently present, appear frequently enough to 
be noteworthy (2). 

DISCUSSION 

It is clear from this study that peripheral vaso- 
dilation is the primary hemodynamic change in 
both normal and hypertensive subjects during the 
pyrogenic reaction. Qualitatively the 2 groups 
behaved similarly, but there appear to be quan- 
titative differences in the hemodynamic alteration 
and in the extent to which adjustment is possible. 
In normal subjects and in some hypertensives, 
augmentation of cardiac output compensates for 
the decrease in peripheral resistance and arterial 
pressure is maintained. But in some hypertensive 
subjects (H. H. at the beginning and G. O. at the 
close of the study) the arterial pressure fell to 
normotcnsive levels and was thereafter maintained 
constant. In 1 hypertensive subject (G. O.), ad- 


justment failed completely and the blood pressure 
fell to an alarmingly low level. In every instance 
the fall in blood pressure could be attributed to 
the failure of cardiac output to increase in propor- 
tion to the dilatation of the peripheral vascular 
bed. 

Mypertensive subjects, as a group, appear to be 
particularly vulnerable to conditions demanding 
excessive circulatory adjustments. It is well 
known (15) that orlhostasis is associated with 
reflex vascular changes by which return of blood 
to the heart is sustained in spite of gravitational 
pooling of blood in the extremities. It is pre- 
sumed that the essential mechanisms involved in 
these adjustments arc much the same as in phases 
of circulatory inadequacy induced by pyrogen. 
During the pyrogenic reaction in normal subjects, 
these adjustments appeared to be adequate (P. H., 
S. V.) but among hypertensive subjects ortho- 
stasis was not efficiently compensated, cardiac 
output decreased excessively and, as a result, 
hypotension and syncope ensued. Improvement 
of return of blood to the heart, by placing the sub- 
ject in the shock position or by the maneuvers of 
sobbing, as in patient G. 0., resulted in prompt 
alleviation of symptoms and increase in intra- 
arterial pressure. It should be noted, however, 
that the arterial pressure never returned to the 
control, hypertensive levels. Marked hypotension 
apparently never followed further decrease in pe- 
ripheral resistance, but was always attributable to 
a fall in cardiac output superimposed upon an al- 
ready dilated vascular bed. As a matter of fact, 
in G. O. (Figure 6) a compensatory increase in 
the peripheral vascular resistance was apparent at 
a time when arterial pressure was falling pre- 
cipitously.- 

Consequently, it seems logical to assign the 
cause of the hypotension that occurs in hyperten- 
sive subjects during the pyrogenic reaction, what- 
ever the precipitating factor, to a disorder of the 
mechanisms that effect compensatory increases in 
cardiac output. The increases in cardiac output 

- This change in calculated resistance may have re- 
sulted from inaccuracies inherent in the ballistocardio- 
graphic method of determining cardiac output, for an er- 
roneously low value of cardiac output would produce 
such an apparent elevation of calculated resistance. The 
behavior of the peripheral resistance in this situation re- 
quires further study with a more precise method for 
measuring cardiac output. 
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demanded to maintain pressure levels in our sub- 
jects were by no means in excess of daily require- 
ments (16) and in none of these subjects was 
there any evidence of diminished cardiac reserve. 
It is likely, therefore, that cardiac output would 
have been efficiently sustained had an adequate 
return and filling mechanism been operative. This 
view is strengthened by the favorable response to 
measures that improved cardiac filling. In the 
hypotension of spinal anesthesia it is probable that 
relaxation of the muscles of the lower extremities 
interferes with activity of the “booster pump” 
system of the intramuscular channels and so con- 
tributes to a reduction in cardiac output (17), 
but this factor cannot be evoked to explain the de- 
fective return of blood to the heart during the 
pyrogenic reaction. Moreover, no change in re- 
spiratory activity was apparent as a possible 
cause of an altered gradient of venous pressure be- 
tween the thorax and the abdomen. It seems more 
likely that capillary and venous dilatation and in- 
adequate adjustment to postural change were at 
fault in the studies reported here. Such a dilata- 
tion might be expected to pool a large quantity 
of blood in the lower extremities and abdominal 
cavity in the upright position or even in re- 
cumbency. It is noteworthy that these mecha- 
nisms appear to be altered by hypertensive dis- 
ease, usually considered pre-eminently a disorder 
of the arterial and arteriolar channels of the cir- 
culatory system. 

It is probable that the fall in peripheral resist- 
ance was a result of arteriolar dilatation, but 
whether this vasodilation is generalized or con- 
fined to particular portions of the vascular bed is 
undetermined. No change in the blood flow to 
the skin or skeletal muscle has been noted in 
normal man during the afebrile pyrogen reaction 
(IS), while it is known that under these condi- 
tions the renal blood flow is increased (2) and it 
is here demonstrated that ibis increase represents 
an actual increase in the fraction of the total blood 
put out by the heart, demonstrating that renal 
va.«odiIalatio!i was proportionately greater than 
dilatation elsewhere in the vascular bed. Hence, 
the kidney appears to be peculiarly susceptible to 
the action of pyrogen in both normal .and Inqscr- 
tensive individu.als. 

It has been noted, and confirmed here, that the 
renal blood flow frequently decreases shortly after 


the administration of pyrogen (2). This phe- 
nomenon occurs at the time when the chill usu- 
ally develops in the unpremedicated subject. 
These workers (3) noted an increase of arterial 
pressure in unpremedicated subjects during the 
chill and considered this as indicative of an over- 
all vasoconstriction. However, no vasoconstric- 
tion was evident in the %'alues for peripheral re- 
sistance or in the arterial pressure in the absence 
of the chill and fever either in pren’ous studies 
(2) or in the present series. Nevertheless, the 
decrease in renal blood flow so often associated 
wdth a fall in renal fraction during the early or 
latent period denotes the presence of vasocon- 
striction in the kidney, a phenomenon which pre- 
sumably is associated with vasodilatation else- 
where since it is not reflected in any change of 
total peripheral resistance or mean arterial pres- 
sure. The identity of the opposing dilated \tiscu- 
lar beds remains obscure. The failure of tlie filtra- 
tion fraction to show any consistent cliange dur- 
ing the vasoconstrictor phase is evidence that both 
afferent and efferent glomerular arterioles con- 
tribute to the reduction in size of the renal vascu- 
lar bed. 


suMjr.\Ry 

1. A study of the hemodynamic changes in- 
duced by the afebrile pyrogenic reaction (in pre- 
mcdicated subjects) has been made in 2 normal 
and 6 hypertensive persons. 

2. In ever)' instance cardiac output increased 
as a result of an increase in both pulse rate and 
stroke volume, while total peripheral resistance 
decreased. 

3. In normal subjects and in some hypertensive 
indiriduals reciprocal changes in peripheral re- 
sistance and cardiac output resulted in adequate 
maintenance of arterial pressures. In 2 hvpcr- 
tensive subjects, however, arterial pressure fell to 
normotensive levels and in a tliird, m.arked hvjva- 
tension developed. In the latter, a change to 
hc.ad-dov.m position was necessary to m.ait'.t.ain 
the blood pressure at physiologicallv adequate 
levels. 

■C capable re ;:de- 

ai rhr.rtgr d::.*"- 
.hyj'erte;; ’h.v 
rrny l-e .'■.'fe- 
!:r.v 


4. Nomtoteusivc sg.biccts a 
quntc vascular adjustment to j- 
ing tr.e pyrogenic rc-action. Am-. 
ho'>vevcr, even tl'-ongh adjustm! 
quate in the rect;;:i!>ent fc-'ftre n, 
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result in a shock-like state. The observations re- 
ported here indicate that a fall in cardiac output is 
responsible for circulatory inadequacy under these 
conditions. 

5. Renal hyperemia occurred in each instance 
studied and in the 5 subjects in whom cardiac 
output and renal blood flow were measured 
simultaneously, the renal fraction increased, im- 
plying relatively greater vasodilation in tlic renal 
vascular bed than in the rest of tlie circulatory 
system. 

This work was aided by a grant from TIic Common- 
wealth Fund. 
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Riley, and Dr. E. S. Breed for the measurement of the 
cardiac output by the direct Pick method, to Dr. R. W. 
Wilkins and Dr. G. P. Bradley for assistance in con- 
ducting certain of the studies, to Mr. Ray Hondo for aid 
in computations, and to Miss Claire Lawler, Miss kfartha 
Barrett, and Miss Constance Qua for technical assistance. 
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The clinical picture typical of salicylate poison- 
ing has often been described: hyperpnea appears 
to be the most prominent s 5 Tnptom ; other symp- 
toms are vomiting, thirst, sweating, diuresis, fever, 
and various signs of irritation of the central nerv- 
ous system, including convulsions followed by de- 
pression and coma. Albumen, casts, and red and 
white cells are often found in the urine. The 
physiologic mechanism underlying the hyperpnea 
of salicylism has been the subject of much discus- 
sion. As the dyspnea of salicylate poisoning was 
noted to resemble the Kussmaul type of breath- 
ing of diabetic coma, ketone bodies were suggested 
as a common cause for the acidosis and hyper- 
ventilation in both conditions (1). This hypothe- 
sis was not borne out in later studies, w'hich did 
not reveal increased ketonemia in man or rabbits 
rcceiring large doses of salicylates (2). In more 
recent times the theory of a primary metabolic 
acidosis, accepted by many clinical obsciwers, ap- 
peared to be supported by the finding of a de- 
creased bicarbonate content of the blood, but the 
origin of this presumed acidosis has remained 
obscure (3 to 5). Increased amounts of lactate 
found in the blood of rabbits following sodium 
salicylate administration were thought to be partly 
responsible for the presumed acidosis (6). The 
significance of this obsen-ation appears uncertain, 
since the incrca.«es varied widely, and the muscu- 
lar efTort involved in hyperventilation may have 
accounted for them. /\ renal mccb.anism for the 
metabolic acidosis has been suggested (7, S) but 
the rapidity of the onset of the hyperpnea and 
the inconstancy and mildness of the renal changes 
appear difnculi to reconcile with such an inpothc- 
.<is. Another grouti of observers Ins favored the 

’ A vrc'-r.icl b-'rre *!•,? Arnri- 

f-v! IV ::.nr!C yvVtv. Miv 1, (a- I DU O-i^ 


view that the hyperpnea is of central origin and 
that changes in the blood are secondary'. In a 
study of salicylate poisoning in man the finding 
of insignificant changes in the blood pH in the 
presence of lowered concentrations of bicarbonate 
suggested that the hyperpnea must result from 
central stimulation by the drug (9). Others (10, 
11) came to the same conclusion on the basis of 
short-time experiments with small doses of so- 
dium salicylate in man, in which lowered CO; 
tensions and alkaline urines were observ'cd co- 
incidentally with unchanged values for the alkali 
reserv'e of the blood. A critical evaluation of the 
literature led to the conclusion that the cause of 
the hyperpnea was both central and metabolic 
(12). In a recent study dealing experimentally 
with the effects of to.xic doses on the composition 
of the blood of dogs (13), a pH of 7.61 con- 
comitant with a CO; content of 13 m.cq. per liter 
was reported in 1 dog and mention was made of 
unpublished experiments, which also indicated 
the presence of at least transient alkalosis follow- 
ing the administration of salicylates. In this 
study, dianges in the heat regulation were .stressed 
as an explanation for the hyperpnea of .'salicylism. 
In all, it would appear that the data availaldc at 
present arc insufficient to permit a satisfactory- 
description of the electrolyte strticfurc of the 
blood in salicylate poisoning. 

The observation of a case of aspirin poisoning 
in a 3-ycar-old child, with the plasnu pH ele- 
vated and the CO. content and tension dccrc-ased, 
led us to investigate tlic c.ffcrts of Mlicyhatcs in 
ntonkeys and dogs. Sodium and mctb.vj s.-dicvlatc 
were administered to ib.c .animah bv parenteral 
ro-.itcs and blood an.alyscs were j'ert'orined. for x>H, 
CO;, cb.k'ride. sodduna. artd jona^d'am 
sennn protein an<i tb.e di'^trib-nti'-'n c: t’r 
soluble j ’',C'5pb.oru5 in tr.e V!c*'.d of sevc; 
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mals were determined. The elTects of several 
hypnotic drugs and of sodium bicarbonate on the 
byperpnea of salicylism were also studied. 

METHODS 

Rhesus monkeys weighing 3 to 5 kgni., and male mon- 
grel dogs weighing 14 to 20 kgm. were used. Tlic ani- 
mals were fasted 24 hours before and during the e.xpcri- 
mental periods but were allowed free access to water at 
all times. Weight, temperature, and respiratory rate 
were recorded in all, and urinary output in some of the 
dogs. The dogs lost on the average 1.5 k'gm. of weight 
during the experiments. The respirations of all animals 
increased greatly in frequency and depth following the 
administration of salicylates. Two types of hyperventila- 
tion were observed occurring in the same animals alter- 
nately within short periods of time: (1) deep labored 
breathing reaching frequencies as high as 150 per minute; 
and (2) panting, much more shallow in character, at 
rates of 250 or more respirations per minute. During the 
later stages of fatal intoxication or under the influence 
of hypnotic drugs, the first type of breathing predomi- 
nated and panting was observed only occasionally. The 
temperature of the animals rose in a few instances to 
values as high as 41° C., but often remained at 39° C. 
The urinary output was greatly increased in the begin- 
ning of the intoxication, and diminished during the later 
stages. 

Blood samples from the femoral artery were drawn 
with a tightly-fitting syringe and needle and were de- 
livered under paraffin oil. The serum pH values were 
determined with a glass electrode at 38° C. with precau- 
tions against exposure to air. Serum CO-, chloride, phos- 


phorus, and protein values were determined by methods 
previously described (14), sodium by the method of 
Leva (15), and potassium according to the slightly-modi- 
fied method of Consolar.io and Talbott (16). The COj 
tension was calculated from the values for pH and bi- 
carbonate. Data on the hemoglobin, the red count, and 
the packed volume of red cells of several animals did not 
reveal any significant change, and, therefore, are not re- 
ported here. 

EXPERIMENTATION WITH SODIUM SALICVLATE 

In Table I arc shown representative experiments on 
the effect of sodium salicylate on monkeys and dogs : 

Rhesus monkey number 400, weighing 3.6 kgm., re- 
ceived repeated intravenous injections of sodium salicy- 
late. The animal presented signs of poisoning closely 
resembling those seen in man, including hyperpnea, 
flushing of the face, weakness, and profuse diuresis. The 
chemical data on the blood taken 1 hour after the last 
dose of sodium salicylate, when the animal appeared very 
weak, showed an extraordinarily elevated pH, a moder- 
ately reduced COj content, and a greatly decreased ten- 
sion of COs. 

Dog SI received a total of 1.0 gram per kgm. of sodium 
salicylate intrapcritoneally in divided doses over a period 
of 24 hours. Extreme hyperpnea developed shortly after 
the first dose of 0.2 gram per kgm. had been adminis- 
tered and continued until the dog died. Diuresis, great 
weakness, and hyper-reflexia were noticed among the 
signs of intoxication. 

The dogs 839 and 840 were studied with the purpose 
of following the effect of single intravenous doses of 
sodium salicylate on the electrolyte equilibrium. Dog 840 


TABLE I 


Effect of sodium salicylate on the ionic eguilihrium of blood plasma 


Animal 

Number 

pH 

CO2 

pCO- 

Chloride 

Comment 




?«. eq. per 
liter 

mm. Hg 

m. eq, per 
liter 


Monkey 

400 

7.85 

16.5 

9 

97.3 

Received 1.1 grams per kgm. intravenously in 5 divided 






doses over a period of 30 hours. Sample 1 hour after 
last dose. Panting, flushed face, weak. Sacrificed. 


Dog 

SI 

7.44 

25.7 

38 

102.2 

Preliminary sample, followed by intraperitoneal injections 


7.49 

24.2 

32 

105.3 

of 0.2 gram doses of sodium salicylate. Wt. 14 kgm. _ 

4 hours later; total dose 0.4 gram per kgm.; breathing 








fast. 



7.66 

23.1 

20 

110.9 

24 hours later; total dose 1.0 gram per kgm.; panting 







hard, weak. Died 1 hour after sample. 

Dog 

840 

7.42 

20.5 

31 

112.9 

Preliminary sample, followed by intravenous injection of 


7.62 

1 

17.9 

17 

111.3 

sodium salicylate, 0.6 gram per kgm. Weight 17 kgm. 
45 minutes later; panting hard. , 




7.50 

19.2 

24 

108.4 

3 hours later; very weak; died ^ hour later. 

Dog 

839 

7.48 

22.3 

30 

113.4 

Preliminary sample, followed by intravenous injection of 





1 


sodium salicylate, 0.3 gram per kgm. Weight 15 kgm. 



7.49 

22.2 

29 

109.2 

20 minutes later; breathing rapidly. 



7.58 

22.5 

24 

109.6 

1.5 hours later; panting. 



7.54 

22.9 

27 

107.2 

5 hours later; hyperpnea diminished. 



7.43 

22.0 

33 

103.9 

23 hours later; appears normal. 
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TABLE 11 


Effects of methyl salicylate on plasma electrolytes 


Dog 

pH 

CO: 

pCOj 

Chloride 

Sodium 



m. eq. i>cr 
liter 

mm. Hg 

m. eq. -per 
liter 

m. eq. per 
liter 

Pr. 

7.42 

25.4 

40 

111.4 

150.3 


7.41 

18.6 

28 

106.6 


1 

1 

7.41 

12.9 

19 

102.6 

129.6 

Pa. 

1 

7.48 

22.7 

32 

118.1 

148.7 


7.49 

13.7 

17 

113.4 

141.8 


7.49 

12.8 

16 

106.9 

137.5 


Comment 


Preliminary sample, followed by intramu^ular injection 
of 2 ml. doses of methyl salicylate. Weight IS kgm. 

30 hours later; total dose 14 ml. 

S3 hours later; total dose 18 ml.; panting, weak; died 
8 hours later. 

Preliminary sample, followed by intramu^ular injection 
of 2 ml. doses of methyl salicylate. Weight 31 kgm. 

44 hours later; total dose 16 ml.; hyperpnea intense. 

68 hours later; total dose 23 ml.; seems very weak, died 
^ hour later. 


received what turned out to be a lethal dose, 0.6 gram 
per kgm. Within 20 minutes of the injection, the animal 
was breathing very deeply and continued to do so until 
its death 3^^ hours later. The sample taken 45 minutes 
after the injection showed marked elevation of the pH, 
a slight drop in the content of CO;, and a marked drop 
in the tension of the CO,. The 3-hour sample showed 
less deviation from the normal in values for pH and CO„ 
but the animal at that time appeared very weak and was 
breathing less forcefully. Dog 839 received only 0.3 
gram per kgm. of sodium salicylate and tolerated the 
drug well. The rise in pH and fall in CO, tension were 
at their height V/i hours after the injection. After S 
hours, hyperventilation was present to a moderate extent, 
and when the last blood sample was taken 23 hours after 
the injection, the respiration had returned to normal. The 
CO, content of the serum changed little during the 
experiment. 

The scrum chloride of tlicsc animals did not exhibit 
marked deviations from the normal. 


THE EFFECT OF METHAT. SALICYLATE 


hfethyl salicylate was substituted for sodium salicylate 
in the later experiments in order to avoid the complicat- 
ing effect of sodium ions. The dnig was always adminis- 
tered intramuscularly. 

T.alilc II presents data on the changes of the scrum 
electrolytes in 2 dogs that received repeated injections 
of methyl salicylate totaling 18 and 23 ml. respectively. 
The scnim pH of these animals changed little, but both 
CO, c>-'ntcnt and CO, tension of the scrum were markedly 
lowered. The chloride and the sodium levels also de- 
creased. In Figure I arc presented data on a third ani- 
mal which iceeived repeated injections of th-e drug in in- 
cteadng anv-iunts o\cr a periol of 4 days. The serum 
pH oi th.is d re.-.cl'.ed a pr.ak o! ;r:l when the 

.'inum! <!e\r!rp~i! wh.at were ih.nuel'.t to It tetanic ernwu’- 
<-ns dreprti rather sharply. Tl.e emtmt and t^.i -^f 
>; ih.ir d 'g d.-cre.-.'r-d Irvrb .:f JAp 
id nun Hg. re'p-crivcly. ;hc f'sM-.rm 
•' .a |r\r! ef Id- rue; p-r lurr art! w;;h •; the thl ride 
tn t >h.,'wn'> t.s js; op {v-r liter. Tl.e et'ect ei s r-'.rle 


C< t, in th'- serur 
me.; j.-r litre, r 
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large non-fatal dose of inctliyl salicylate on pll and CO, 
of the scrum of another dog, who received 10 ml. of the 
drug, is shown in Figure 2. Tiic greatest cliang'c took 
place after about 24 hours, witli a slow return to normal 
values over a period of 4 days. 


METHYL SALICYLATE 


DOG No.644 



Fig. 2. The Effect of a Single Dose of Methyl 
Salicylate 

Dog 644, weighing IS kgm., received 10 ml. of methyl 
salicylate intramuscularly. Within a few hours the res- 
pirations increased, to reach a maximum about 24 hours 
after the injection, and decreased after 48 hours. 


In Table III are presented data on the sodium, potas- 
sium, and chloride content of the sera of 9 dogs all of 
whom developed the typical signs and chemical changes 
of salicylism, after having received 10 ml. of methyl sali- 
cylate. The sodium was decreased in 5, and little changed 


TABLE III 

Sodium, chloride, and potassium in the plasma of dogs 
24 hours following methyl salicylate administration 


Dog 

num- 

ber 

Before 

After 

1 

Sodium 

Chloride 

Potas- 

sium 

Sodium 

Chloride 

Potas- 

sium 


m. eq. 

m. eq. 

m. eq. 

m. eq. 

m.eq. 

m. eq. 


per liter 

per liter 

per liter 

per tiler 

per tiler 

per tiler 

645 

ISO 

117 

6.2 

143 

112 

3.4 

932 

141 

104 

5.0 

134 

103 

4.6 

933 

145 

108 

4.2 

128 

96 

2.7 

937 

149 

119 

6.8 

134 

108 

2.9 

938 

148 

117 

5.1 

142 

115 

4.0 

936 

141 

108 

4.5 

139 

101 

2.6 

940 

139 

no 

4.0 

144 

119 

3.0 

941 

146 

112 

4.4 

145 

no 

2.9 

Sp. 

142 

no 


146 

112 



in tiic sera of 3 of the animals. In 3 animals both .scrum 
chloride and sodium were diminished significanlly ; in 2 
the sodium alone, and in 1 the chloride alone was de- 
creased; the concentration of potassium in the scrum fell 
in every instance. 

'J'hc distrilnition of the acid-soluble phosphorus in the 
blood was determined in several animals. The inorganic 
phosphorus was regularly decreased, but little change was 
found in the organic acid-soluble phosphorus content of 
the erythrocytes. The scrum proteins were not signifi- 
cantly altered. 

RESULTS 

The results of the foregoing experiments may 
be summarized briefly as follows. In all experi- 
ments, reduced tensions of CO. in the serum were 
found. Significant elevation of the serum pH 
occurred in most instances, but occasionally change 
of pH was absent. The serum bicarbonate con- 
centration was lowered in all experiments of longer 
duration, but such change was absent in the ani- 
mals receiving sodium salicylate intravenously. 
The serum sodium concentration was lowered in 
the majority, and the chloride in about half of the 
dogs. Potassium values were regularly decreased. 

The evidence ivould appear to indicate that sali- 
C 3 dates cause primarj' hyperventilation. The re- 
sultant lowering of the CO. tension leads to an 
alkalotic tendency in the blood. The lowering of 
the bicarbonate concentration may be interpreted 
as a seconder}' compensator}' change tending to 
maintain the usual ratio between carbonic acid and 
bicarbonate, and resulting in a smaller shift of pH 
than would otherwise occur. The adjustments in 
the bicarbonate content are comparatively slow, 
since they are apparently accomplished by a renal 
mechanism. This point is illustrated in the ex- 
periments on the effects of intravenous adminis- 
tration of sodium salicylate, in which pH and CO. 
tension were markedly altered within a short time, 
without much change in the total CO. content of 
the serum. Several mechanisms appear possible 
for the compensatory decrease of bicarbonate. The 
most efficient and successful compensation (17) 
would be a reciprocal increase in the concentra- 
tion of chloride to make up for the lowering of 
the bicarbonate, thus maintaining the total ionic 
concentration. Such substitution of chloride for 
bicarbonate ions, observed repeatedly in man un- 
der various conditions, occurred only rarely in 
the dogs. The removal of bicarbonate, unaccom- 
panied by corresponding increases in other anions, 
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resulted in lowered total ionic concentrations as 
indicated by the diminished concentration of so- 
dium and potassium in the blood. In several of 
the experiments, a diminution of the serum chlo- 
ride occurred, which was usually accompanied by 
a marked decrease in the total ionic concentration 
(sodium + potassium). This decrease was par- 
ticularly pronounced in animals that had received 
repeated doses of salicylate, and had been for sev- 
eral days in the state of salicylism. A reduction 
of the ionic concentration could conceivably occur 
by way of increased retention of water with con- 
sequent dilution of the electrolytes. Actually all 
animals lost weight and had profuse diuresis. It 
would appear, therefore, that the animals lost large 
amounts of sodium, thus offsetting the loss of 
carbonic acid in the blood by a direct removal of 
bicarbonate in tlie urine. Instead of tending to 
maintain the total electrolyte concentration, such 
shifts in the electrolyte structure result in cumula- 
tive deviations from the normal. The explanation 
of their mechanism appears difficult. Perhaps the 
salicylates have an independent action on the kid- 
ney which results in impairment of its defense of 
the osmolarity of the body fluids. The marked 
diuresis and the albuminuria may be other mani- 
festations of the reno-toxic effect of the salic 3 'lates. 

The lowered potassium concentration in tlie 
scrum of the dogs suggests impairment of renal 
control. The possibility, however, of disturbance 
of the equilibrium between extra- and intracellular 
potassium concentrations must be considered. 
Unpublished data obtained in this laboratoiy sug- 
gest that alkalosis per sc might exert this effect 
and also c.xplain lowered concentrations of in- 
organic phosphorus. 

THE EFIT-CT OF IIYrNOTICS ON SALICYLISM 

It .«ccms reasonable to assume that the central 
stimulation caused by the salicylates can be coun- 
teracted by hypnotic dnsgs. In order to test this 
assumption, experiments were carried out in drg.s 
on the elTect of sodium pcntobarbit.al, scvlinm bar- 
bital. paraldehyde, and tnoq-ihine on the s.~lirrli.<;m 
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Fig. 3. The Effect of Pextobamitai, Sopiu.m 
Dog, weighing 18 kgm., received 10 ml. of methyl 
salicylate on the day preceding the intravenous injection 
of 29 mgm. per kgm. of pentobarbital sodium (nembutal). . 

pH, the content and tension of CO., and the rate 
of respiration of a dog which had received in a 
single dose enough methyl salicylate to produce 
severe, but not usually fatal, intoxication. On the 
day following the injection, 2 samples of blood 
drawn 4 hours apart showed by the progressive 
alterations of pH and CO- that the intoxication 
was progressing rapidlt'. Ten minutes after the 
injection of pentobarbital sodium, the respirations 
decreased to the normal rate of 20 per minute, 
and coincidentally the pH fell to a norm.al value, 
the scrum CO. content increased somewhat, and 
as a result the CO. tension rose. A sample of 
blood taken 50 minutes later sb.owcd normal v.aiue.s 
for all constituents. Two hours after tb.is sample 
was taken, the rcsjiiraiorA- rale b.ad .ag.ain doubled, 
tltc pH I'.ad increa=ct! to 7.52, the content of C.O. 
land droppc'i to 22.5 m.cq. per liter, and it < tc.n ir n 
to 2f? mm. Hg. f-ub-e-peent sa.nn le.i; .d;-,-.', rd de- 



